STIC-ILL 



From: 

Sent: 

To: 

Subject: 



Canella, Karen 

Monday, August 04, 2003 7:15 PM 
STIC-ILL 

ill order 08/602,272 



Art Unit 1642 Location 8E12(mail) 
Telephone Number 308-8362 
Application Number 08/602,272 



1 


American Journal of Cardiology, 1991, 68(7):B36-B50 


0 

c, . 


Anaioloav 1994 45(12):101 5-1 022 


3 


Journal of Cardiovascular Pharmacology, 1994 Jan, 23(1):1-6 


4 


Inflammation Research, 1996 Jan, 45(1):14-19 


5 


American Heart Journal, 1995 Aug, 130(2):204-21 1 


6. 


European Heart Journal, 1995, vol. 16, Abstract Suppl., page 42. 


7. 


Journal of clinical Investigation, Apr 1 993, 91 (4): 1 721 -1 730 


8. 


Italian Journal of Surgical Sciences, 1983, 13(3): 197-201 


9. 


Postgrad Med, 1976 Aug, 60(2):65-69 


10. 


Lancet, 27 Nov 1976, 2(7996):1 161-1 164 


1 1 . 


JAMA, 1o UeC iy/o, <LoO\£ £ *} c. t DD-£ / o i 


12. 


European Journal of Pharmacology, 24 Jun 1993, 237 (2-3):223-230 


13. 


Semin Interv Cardiol 2000 Sep, 5(3): 1 09-1 15 


14 - 


Hosp Med, 2000 SEp, 61(9):628-636 


15. 


Nephron, 1993, 63(3):273-278 


16. 


Kidney Int, 1992 nov, 42(5):1 124-1 129 


17 


Cardiologia. 1993 Jan, 38(1):45-51 


18 


Ann Med, 2000 Nov, 32(8):561-567 


19. 


Hybridoma, 1994 Jun, 1 3(3): 1 83-1 90 


20. 


Journal of Molecular Biology, 1994, vol. 235(1 ):53-60 




22. 



Journal of Experimental Medicine: 

1PR7. Vol. 166, pp. 1390-1404 
1986, Vol. 163, pp. 740-745 



23. 



N Eng J Med: * 

1990, Vol. 322, pp. 1622-1627 
1987, Vol. 316, pp. 379-385 



24. 



Throb Haemost, 1987, Vol. 57, pp. 176-182 



Thanks! 



l 



mm 



Recombinant Tumor Necrosis Factor Induces Procoagulant Activity in 
Cultured Human Vascular Endothelium: Characterization and Comparison 
with the Actions of Interleukin 1 



Michael P. Bevilacqua; Jordan S. Poher; Gerard R. Majeau; Walter Fiers; Rarnzi S. 
Cotran; Michael A. Gimbrone 

Proceedings of the National Academy of Sciences of the United States of America, 
Volume 83, Issue 12 (Jun. 15, 1986), 4533-4537. 



Stable URL: 

http://1inksjstor.org/sici ?siri^^ 



Your use of the JSTOR archive indicates your acceptance of JSTOR' s Terms and Conditions of Use, available at 
http://wwwjstor.org/about/terms.htrnl. JSTOR' s Terms and Conditions of Use provides, in part, that unless you 
have obtained prior permission, you may not download an entire issue of a journal or multiple copies of articles, and 
you may use content in the JSTOR archive only for your personal, non-commercial use. 

Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or 
printed page of such transmission. 

Proceedings of the National Academy of 'Sciences of 'the ' United States of America is published by National 
Academy of Sciences. Please contact the publisher for farther permissions regarding the use of this work. Publisher 
contactinformation may be obtained at hUp://ww wjstor.org/jounials/nas.hlml 



Proceedings of the National Academy of Sciences of the United States of America 
©1986 National Academy of Sciences 



JSTOR and the JSTOR logo are trademarks of JSTOR, and are Registered in the U.S. Patent and Trademark Office. 
For more information on JSTOR contactjstor-info@umich.edu. 

©2003 JSTOR 



http://wwwjstor.org/ 
TueAug 5 07:44:17 2003 



Proc. Natl Acad. Set. USA 
Vol. 83, pp. 4533-4537, June 1986 
Medical Sciences 

Recombinant tumor necrosis factor induces procoagulant activity in 
cultured human vascular endothelium: Characterization and 
comparison with the actions of interleukin 1 

(inflammatlon/coagulatlon/tissue factor/monokine/endotoxin) 

Michael P. Bevilacqua*, Jordan S. Pober*, Gerard R. Majeau*, Walter FiERst, Ramzi S. Cotran*, 
and Michael A. Gimbrone, Jr.* 

♦Vascular Research Division, Department of Pathology, Brigham and Women's Hospital and Harvard Medical School, 75 Francis Street, Boston, MA 02115; 
and tLaboratory of Molecular Biology, The State University of Ghent, Ghent, Belgium 
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ABSTRACT Human recombinant tumor necrosis factor 
(rTNF) was found to act directly on cultured human vascular 
endothelium to induce a tissue factor-like procoagulant activity 
(PCA). After a 4-hr incubation in rTNF (100 units/ml), serially 
passaged endothelial cells isolated from umbilical veins, 
saphenous veins, lilac arteries, and thoracic aortae demon* 
strated a dramatic increase (4- to 15-fold, 21 experiments) in 
total cellular PCA as measured with a one-stage clotting assay. 
rTNF-induced PCA was also expressed at the surface of intact 
viable endothelial monolayers. Induction of PCA by rTNF was 
concentration dependent (maximum, 500 units/ml), time de- 
pendent, reversible, and blocked by cycloheximide and 
actinomycin D, and it occurred without detectable endothelial 
cell damage. Actions of rTNF were compared with those of 
natural human interleukin 1 (IL-1) derived from stimulated 
monocytes and two distinct species of recombinant IL-1, each 
of which also induced endothelial PCA. The use of recombinant 
polypeptides and specific neutralizing antisera established the 
distinct natures of the mediators. The kinetics of the endothelial 
PCA responses to TNF and IL-1 were similar, demonstrating 
a rapid rise to peak activity at **4 hr, and a decline toward basal 
levels by 24 hr. This characteristic decline in PCA after 
prolonged incubation with TNF or IL-1 was accompanied by 
selective endothelial hyporesponsiveness to the initially stimu- 
lating monokine. Interestingly, the effects of TNF and IL-1 
were found to be additive even at apparent maximal doses of the 
individual monokines. Endothclial-directed actions of TNF, 
alone or in combination with other monokines, may be impor- 
tant in the initiation of coagulation and inflammatory responses 
in vivo. 



In 1975 Carswell et ai (1) described an activity in the serum 
of mice primed with bacillus Calmette-Guerin and treated 
with endotoxin that caused "hemorrhagic necrosis" of cer- 
tain tumors. This activity was termed < 'tumor necrosis 
factor-* (TNF) and has become the subject of extensive 
research (2), leading to its identification as a monokine, 
purification and biochemical characterization (2-7), and the 
cloning and expression of its gene (8-11). Alihough initially 
it was thought that TNF acted only on tumor cells, it has 
become clear that certain nontumor cells possess TNF 
receptors (12-14) and may be targets for other biological 
activities of this monokine. In separate investigations, 
Cerami and coworkers described a product of endotoxin- 
stimulated murine macrophages, termed "cachectin," which 
suppresses the synthesis of lipoprotein lipase by adipocytes 
(15-17). Recently, it has been established that cachectin and 
TNF appear to be "identical (18, 19) and that a specific 
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antiserum to cachectin/TNF can protect mice from the lethal 
effects of endotoxin (20). 

We now report that human recombinant TNF (rTNF) is a 
potent inducer of procoagulant activity (PCA) in human 
endothelial cells cultured from various blood vessels. We 
compare the effects of rTNF with those of human monocytfc- 
derived interleukin 1 (hmIL-1) and two distinct species of 
recombinant human interleukin 1 (rIL-1). We have previous- 
ly shown that hmIL-1 acts on human endothelial cells to 
induce a tissue factor-like PCA (21-23), to dramatically 
increase the adhesiveness of their surfaces for leukocytes (23, 
24), and to stimulate the expression of a new endothelial 
surface antigen (25). Our present data suggest that TNF, 
alone or in combination with interleukin 1 (IL-1), can signif- 
icantly influence hemostatic/thrombotic activities at the 
blood-vascular wall interface. Further, endothelial-directed 
actions of TNF may be relevant to intravascular coagulation 
and hemorrhagic tumor necrosis * 

MATERIALS AND METHODS 

Cell Cultures. Human umbilical vein endothelial cells 
(HUVEC) were isolated from two to five cord segments, 
pooled, and grown in primary culture in medium 199 (M199, 
M. A. Bioproducts, Walkersville, MD) with 20% fetal calf 
serum (GIBCO, Grand Island, NY, or HyClone, Logan, UT) 
and antibiotics, as previously described (26). Cultures of 
HUVEC and other human endothelial cells isolated from 
adult saphenous veins (kindly provided by P. Libby, Tufts 
University Medical School, Boston) and adult iliac arteries 
and thoracic a6rtae (kindly provided by R. Weinstein, St. 
Elizabeth Hospital, Boston) were serially passaged (1:3 split 
ratios) in M199/209& fetal calf serum (HUVEC) or M199/10% 
fetal calf serum (others) supplemented with endothelial Cell 
growth factor (50-150 Mfi/ml; a gift of T. Maciag, Meloy 
Laboratories, Springfield ' t VA) and porcine intestinal heparin 
(50-100 /tg/ml, Sigma) (27) in Costar (Cambridge, MA) tissue 
culture flasks (75 cm*) coated with purified fibronectin (1-10 
;ig/cm 2 , Meloy Laboratories, Springfield, VA) or 0.1% 
gelatin (Bactogelatin 0143-02, Difco). Most experiments were 
performed with HUVEC at passages 2-4. A line of simian 
virus 40-transformed human endothelial cells, which had 
been established in this laboratory (28), was maintained in 
fetal calf Schuii. Tin cApciiiiicniai use, ceiis were 
typically plated (2-4 X 10 4 cells per well) and grown to 
confluence (3-7 days) on the bottom of 16-mm diameter 



Abbreviations: HUVEC, human umbilical vein endothelial ceil(s); 
£CA, procoagulant activity; TNF, tumor necrosis factor; rTNF, 
recombinant TNF; IL-1, interleukin 1; hmIL-1, human monocyte- 
derived IL-1; rIL-1, recombinant IL-1; U, unit(s). 
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tissue Culture wells (Cluster 24, Costar) that had been coated 
with fibronectin (1-10 /ig/cm 2 ). 

Cytokines and Antisera. Human rTNF was expressed from 
a cDNA clone in Escherichia coli and purified to homoge- 
neity (11) [1.3 mg of protein per ml in Ca 2+ and Mg 2+ -free 
phosphate-buffered saline; 1.9 x 10 7 units (U)/mg of protein 
in L929 cytotoxicity assay (ll)]. Natural hmIL-1, isolated as 
a mixture of two (or more) polypeptides («wl7 kDa) from the 
supernatant of Staphylococcus a/fews-stimulated monocytes 
by immunoab sorption and Sephadex chromatography (29), 
was obtained from Genzyme (Boston). This material was 
provided in sterile 0.15 M NaCl with 5% fetal calf serum and 
was reported tb contain thymocyte costimulation activity (32) 
at 100 U/ml, <1.0% T-cell growth factor, interferon at <1 
U/ml, and undetectable endotoxin activity. Two distinct 
species of? human rIL-1, expressed from different comple- 
mentary ~DN As (cDNAs) in E. coli arid termed rIL-ia and 
rIL-1/3 (30); were purified (10 8 U/mg of protein in thymocyte 
costimulation assays) and supplied as 1000 U/ml in sterile 
phosphate-buffered saline containing 0.1% bovine serum 
albumin (Genzyme). Each of the IL-1 preparations was 
active, and rTNF was inactive, in a comitogenesis assay 
using the D10.G4.1 T cell line (31) (courtesy of A. Abbas, 
Brigham and Women's Hospital, Boston). A rabbit antiserum 
was prepared to purified rTNF (anti-rTNF), and the immu- 
noglobulin fraction of a rabbit antiserum to hmIL-1 (anti- 
hmIL-1) was purchased from Genzyme. These antisera 
neutralized the appropriate monokine in standard bioassays 
(TNFi L929 cytotoxicity; IL-1, thymocyte costimulation), 

Cell Treatments; Cell monolayers were washed three 
times, incubated for up to 60 min at 37°C, and washed again 
prior to treatment with TNF or IL-1 in 0,5 ml of pretreatment 
media. Several pretreatment media, including RPMI 1640 
(M. A. Bioproducts) with 10% fetal calf serum (RPMI/10% 
FCS) or 0.1% bovine serum albumin (kPMI/0.1% BSA), 
were tested and produced comparable results. After incuba- 
tion (37°C, 5% CO2) for up to 28 hr, each well was washed 
three times in 0.5 ml of RPMI 1640 medium and prepared for 
evaluation of PC A. 

In certain experiments, cycloheximide (10 jig/ml) or 
actinomycin D (5 iig/m\) (Sigma) was added to the cultures 
30 min prior to the addition of cytokines and allowed to 
remain throughout the pretrealment phase. In pilot experi- 
ments, this concentration of cycloheximide blocked greater 
than 97% of [ 35 S]methionine incorporation into endothelial 
monolayers. 

Evaluation of Endothelial PCA. To determine total cellular 
PCA, a standard one-stage clotting, (plasma recalcification) 
assay was performed as described (21) at 37°C, using glass 
tubes containing 10b fi\ of citrate-treated, pooled, normal 
donor, platelet-poor plasma, or coagulation factor VII- , IX-, 
6r X-deficient plasma (George King Bio- Medical, Overland 
Park, KS) to which 100 fd of cell lysate (frozen-thawed three 
times, scrape harvested) and 100 /tl of CaCl2 (30 mM) were 
added. In certain experiments, ceil surface-expressed PCA 
was assayed directly in the culture wells on intact viable 
monolayers, using a modified clotting assay (21). Mill iu nits 
(mU) of PCA were defined by standard curves developed 
with rabbit brain thromboplastin (Sigma) and normal, plate- 
let-poor, citrate-treated human plasma; 10 3 mU of PCA cor- 
responded to a clotting time of 20 sec in the standard assay. 

RESULTS 

rTNF Induces Procoagulant Activity in Cultured Human 
Vascular Endothelium. Human endothelial cells, which were 
isolated from neonatal umbilical cord veins, adult saphenous 
veins, adult iliac arteries, or adult thoracic aortae and 
maintained under standard culture conditions, contained low 
levels of PCA (Table 1). After a 4-hr incubation with human 



Table 1. rTNF induces PCA in cultured human endothelial cells 
isolated from various vessels 



Endothelial cell 



PCA, mU/10 5 cells 



source (vessel) 


n 


Control 


rTNF 


Umbilical vein 


11 


36 ± 4 


308 ± 38 


Saphenous vein 


6 


40 ± 10 


307 ± 65 


Iliac artery 


3 


46 ± 20 


238 ±67 


Thoracic aorta 


1 


49 ± 9 


247 ± 21 



Serially passaged (passages 2-8) human vascular endothelial cells 
isolated from neonatal umbilical veins and adult saphenous veins, 
iliac arteries, or thoracic aortae were grown to confluence in 16-mm 
diameter tissue culture wells. In each of n separate experiments, 
replicate cultures were incubated for 4 hr in pretreatment media 
(usually RPMI/10% FCS) without (control) or with rTNF at 100 
U/ml and assayed for total cellular PCA. Data represent mean ± 
SEM. 

rTNF at 100 U/ml each of these endothelial . cell types 
exhibited a dramatic increase in total cellular PCA (4- to 
15-fold, 21 experiments) (Table 1). In contrast, a strain of 
simian virus 40-trahsfbrmed umbilical vein endothelial cells 
(28), which constitutiyely expresses high levels of PCA 
(greater than 500 U/10 5 cells), was not significantly influ- 
enced by treatment with rTNF (5 ± 5% above control, mean 
± SD, 3 experiments.), 

The effect of rTNF on endothelial PCA was found to be 
concentration dependent, time dependent, and reversible. 
Incubation of human endothelial monolayers for 4 hr with 
rTNF concentrations as little as 0.8 U/ml consistently 
increased PCAover basal levels (1.8- to 4.5-fold, P < 0.005, 
6 experiments), and rTNF at 500 U/ml resulted in near 
maximal stimulation (B.l- to 18.8-fold, 6 experiments) (Fig. 
1). As seen in Fig. 2, the kinetics of the endOthelial-PCA 
responses to TNF and IL-1 were similar. Continuous expo- 
sure of HUVEC to either rTNF (500 U/ml) or hmIL-1 (5 
U/ml) led to an increase in total cellular PCA, which was first 
detected at 30-60 min, peaked at «=*4 hr, and declined toward 




500 2500 



r,m Cvji iv^cmu aiiun, u/mi 

Fig. 1.. Concentration dependence of rTNF induction of total 
cellular PCA in human endothelial cells. PCA was assayed in 
freeze-thaw lysates of HUVEC (passage 2) after a 4-hr incubation 
with rTNF at the indicated concentrations. Data represent mean ± 
SD from three cultures. Similar concentration dependence was 
observed in four additional experiments on HUVEC and in a single 
experiment on human endothelial cells isolated from saphenous veins 
and thoracic aortae. 



Medical Sciences: Bevilacqua et al. 



300- 




0U I I I 1^ I L_ 

0 1 4 6 12 16 20 . 24 

Incubation period, hr 

Fig, 2. Time course of, rTNF and hmIL-1 induction of PCA in 
HUVEC (passage 2), Replicate cultures were incubated in 
RPMI/10^ FCS with rTNF or hmIL-1 for defined periods up to 24 
hr. Each point represents the mean of triplicate cultures. Variation 
within each experimental group was less than 10%. Similar results 
were obtained in two additional experiments. 

basal level by 24 hr. Brief exposure (15 min) of the cultures 
to either rTNF at 100 U/iril or hmlL-l at 5 U/ml, followed by 
washing, ^resulted iri substantial increases in PCA by 6 hr (not 
shown). PCA in endothelial cultures that had been treated 
with rTNF at 100 U/inl for 4 hr, washed, and incubated in the 
absence of rTNF for an additional 22-24 hr returned to near 
basal levels. Rechallenge of these cultures with fresh rTNF 
(100 U/ml) or hmIL-1 (5 U/ml) resulted in a second rise in 
PCA, which was equivalent (100 ± 14% and 111 ± 10%, mean 
± SD , 3 experiments) to that obtained by primary stimulation 
of nonpretreated monolayers. Induction of endothelial PCA 
by rTNF or hmIL-1 was blocked by cycloheximide at 10 
/ag/ml (81 ± 9% and 85 ± 13% inhibition, mean ± SD, 5 
experiments) or actinomycin D at 5 jig/ml (107 ± 13 and 102 
± 2% inhibition, 5 experiments), indicating the need for de 
novo protein and RNA synthesis. 

Two Distinct Species of rIL-1 Induce Endothelial PCA. 
Recently, it has been established that hmIL-1 consists of 
several biochemically distinct species (29, 32), which appear 
to ^»e encoded by at least two different genes (30, 33). We 
recently reported that a lysate of L cells that expressed the 
c,DNA of a species of human IL-1 cloned by Auron et al. (33) 
(a gift of T. Livelli, Cistron, Pine Brook, NJ) also induced 
PGA in cultured endothelium (23). In addition, purified rIL-1 
(a gift of C, Dinarello, Tiifts University Medical Center, 
Boston) produced by expression of this same cDNA in £. cqli 
was also active in our assay (unpublished observations). In 
the current studies, we have examined the effects of two E. 
co/Z-derived purified rIL-1 polypeptides termed rIL-la and 
rIL-l£ (30). rIL-la is homologous to a previously described 
murine IL-1 species (34) arm is structurally distinct from 
rIL-1/3. The cDNA sequence of riL-10 (30) is identical to that 
previously reported by Auron et al. (33) and appears to 
correspond to the predominant species (pi = 7) produced by 
stimulated human monocytes (29, . 30). As seen in Table 2, 
both rIL-la and rIL-ip induced endothelial PCA. The effects 
of these distinct species of rIL-1 were also found to be 
concentration dependent, time dependent, and reversible 
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Table 2. Specific antisera block the induction of endothelial PCA 
by rTfrF, hmli^l, rIL-la, and rll^lfl ' • 

'.. PCA, mU /10 s cells ' . - , 



Endothelial cell 


No antibody 


Anti- 


Anti- 




treatment 


addition 


rTNF 


hmlL- 


1 


Control 


■ 14 ± 


1 


is ±" 1 


17 ± 


1 


rTNF 


182 ± 


13 


13 ± 1 


140 ± 


5 


hmIL-1 


191 ± 


8 


190 ± 8 


20 ± 


i 


rlUa 


221 ± 


9 


241 ± 18 


70 ±10 


rIL-1/3 


201 ± 


5 


202 ± 12 


24 ± 


l 



Rabbit antiserum to rTNF (anu'-rTNF) or the immunoglobulin 
fraction of a rabbit antiserum to hmIL-1 (anti-hmIL-1) was incubated 
(1:600 and. 1:1$ final dilution, respectively) with control media 
(RPMI/10% FCS) or the indicated mediator (rTNt 7 , 100 U/mU 
hmIL-1, 2.5 U/ml; rlL-ia arid rIL-1/3, activities equal to 2.5 U/ml of 
hmIL-1 in D10.G4.1 comitogenesis assay) in RPMI/10% FCS for 2 
hr at 37°C and transferred to replicate HUVEC cultures (passage 3). 
After 4 hr of incubation, the cultures were assessed for total cellular 
PCA. Normal rabbit serum, and the immunoglobulin fraction of 
normal rabbit serum did not significantly inhibit monokine induction 
of PCA (not shown). Data represent mean ± SD from triplicate wells. 
Similar results were found in three additional experiments. 

(not shown). TNF and IL-1 preparations could be inactivated 
by heat (100*0, 15 min; 92-102% inhibition, 4 experiments) 
and were unaffected by the presence of polymyxin B (50 
^g/ml; 0-11% inhibition, 3 experiments). These observations 
distinguish the action of the monokines from that of 
endotoxin, which also can induce endothelial PCA (23, 
35-37). 

A rabbit antiserum prepared to rTNF abolished the PCA- 
iriducing activity of rTNF but did not inhibit the actions of 
hmIL-1, rll>la, or rIL-10 (Table 2). Conversely, a second 
antiserum prepared to hmlL-l blocked the induction of PCA 
by all the preparations of IL-1 tested without significantly 
inhibiting rTNF activity. These observations help to establish 
that (0 the PCA-inducing activity of each preparation is 
attributable to a specific monokine rather than some other 
component, and (it) TNF is not a significant contaminant of 
the purified natural hmIL-1 preparations used in oiir.studies. 

Effects of Combined and Sequential Treatments with rTNF 
and IL-1 on Endothelial PCA. The effects of combined TNF 
and IL-1 treatments of endothelial monolayers were found to 
be additive even at apparent maximal concentrations of the 
individual monokines. As seen in Fig. 3, incubation of 
HUVEC with increasing concentrations of rTNF in the 
presence of hmIL-1 at 5 U/ml resulted in a greater increase 
in PC A than did incubation with rTNF alone. 

We previously demonstrated (21) that continuous incuba- 
tion of endothelial monolayers in hmIL-1 at 5 U/ml for 24 hr 
led to a state of hyporesponsiveness to rechallenge (4 hr) with 
fresh hmIL-1. In the current experiments , after incubation for 
24 hr in rTNF (100 U/ml), the addition of fresh rTNF (1Q0 
U/rnl) resulted in only a GO ± 20% increase in PCA (mean ± 
SEM, 4 experiments). However, the addition of hmIL-1 at 5 
U/ml to replicate monolayers that had been treated for 24 hr 
with rTNF (100 U/ml) resulted iri a 420 ± 70% stimulation (4 
Experiments). Similarly, endothelial cultures . that were 
pretreated with IL-1 for 24 hr and then rechallenged with 
TNF demonstrated a significantly greater response than- 
those cultures that were rechsllenged v/:th IL-i (not 5uO"wn). 

Characterization of TNF- and IL-l-Induced Total Cellular 
and Cell Surface PCA. The nature of the PCA induced in 
endothelial cells by rTNF and IL-1 was investigated by using 
human plasmas deficient in specific coagulation factors. In 
our standard one-stage clotting assay, total cellular endo- 
thelial PCA that had been induced by rTNF or hmIL-1, alone 
or in combination, was expressed in normal human plasma 
and factor IX-deficient plasma but not in plasmas that were 
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Fio . 3 . Induction of PC A in human endothelial cells by combined 
rTNF arid hmIL-1 treatment. PCA was assayed in freeze-thaw 
lysates of HUVEC culture? (passage 3) after a 4-hr incubation with 
rTNF alofte (solid bars) at the concentrations shown or with rTNF 
in combination with hmIL-1 at 5 U/ml (open bars). Percent stimu- 
lation was calculated from triplicate wells for each experimental 
group as [(monokine-stimuiated PCA - control PCA)/control PCA] 
x 100. hnilL-1 (5 U/ml) alone promoted a 770% stimulation of 
endothelial PCA. Similar results were obtained in three* additional 
experiments with hmIL-1 and in two experiments with rIL-la and 
rIL-10, 

deficient in factor VII or factor X (Table 3). In a modified 
clotting assay, unstimulated intact monolayers of HUVEC 
displayed essentially no surface-available PCA (clotting 
times ^500 sec). However, incubation of these cells for 4 hr 
in rTNF (200-500 U/ml) alone or in combination with hmIL-1 
at 5 U/ml resulted in a marked increase in surface PCA 
(clotting times 110-140 and 55-85 sec, respectively, 2 exper- 
iments). Cell surface PCA that had been induced by rTNF, 
hmIL-1, or both was not expressed in coagulation factor-VH 
or factor X-deficient plasma but was expressed in factor 
IX-deficient plasma (not shown). Incubation of endothelial 
monolayers with rTNF (0.S-500 U/ml) or hmIL-1 (0.5-10 
U/ml) for up to 24 hr did not result in apparent cell damage 
. as assessed by trypan blue exclusion (97-101% of controls, 3 

Table 3 . Characterization of TNF- and IL-l-induced 
endothelial PCA 







PCA, mU/10 5 ceils 




Endothelial 


Normal 


Factor-deficient plasma 


treatment 


plasma 


VII 


X 


IX 


Control 


16 ± 1 


9 ± 1 


<1 


<1 


rTNF 


228 ± 9 


8 ± 0 


<1 


134 ± 5 


hmIL-1 


2i7 i 16 


11 ± 1 


<1 


143 ± 5 


rTNF + hmIL-1 


486 ± 44 


7 ± 0 


<1 


373 ± 42 



Keplicate cultures of HUVEC in 100-mm dishes were treated for 
4 hr with RPMI/10% FCS alone (control) or supplemented with 
rTNF (500 U/ml), hmIL-1 (5 U/ml), or both, washed, and lysed 
(freeze-thaw). Standard one-stage clotting assays were performed on 
cell lysates using normal human plasma or specific coagulation 
factor-deficient human plasmas. Data represent mean ± SD of 
triplicate determinations. Similar results were obtained in two other 
experiments. 



experiments). These studies suggest that monokine-induced 
total cellular and cell surface endothelial PCA primarily 
involves a tissue factor-like activity. However, actions of 
TNF and IL-1 on other procoagulant and/or anticoagulant 
functions of vascular endothelium are not excluded in the 
current studies. 

DISCUSSION 

The vascular endothelium is capable of actively participating 
in coagulation and inflammatory events in a variety of ways 
(reviewed in ref. 38). In this report we have demonstrated 
that human rTNF acts on cultured human vascular endothe- 
lium to induce a tissue factor-like PCA. This effect of TNF, 
like that previously reported for IL-1 (21-23), was found to be 
concentration dependent, time dependent, reversible, and 
blocked by inhibitors of protein and RNA synthesis. Inde- 
pendence of the endothelial-directed actions of TNF and IL-1 
was established by the use of recombinant species of these 
monokines and by inhibition with specific antisera. 

TNF and IL-1 are both produced by mononuclear 
phagocytes after exposure to appropriate stimuli, including 
bacterial endotoxin. In our studies, modest concentrations of 
TNF and IL-1, in combination, were able to significantly 
increase endothelial PCA. Moreover, the effects of TNF 1 and 
IL-1 on endothelial PCA were additive even at maximal doses 
of the individual monokines, these results, and our obser- 
vations on the induction of selective endothelial hyporespon- 
siveness after a 24-hr incubation with the individual 
monokines, suggest that TNF and IL-1 actions on endothelial 
PCA may involve different mechanisms. Endotoxin itself can 
also stimulate endothelial PCA (23, 35-37). However, the 
effects of TNF and IL-1 in our experiments were distin- 
guished from those of endotoxin by polymyxin and heat 
treatments and by specific antibody neutralization of the 
mediators. Interestingly, endothelial ceils themselves have 
recently been shown to elaborate IL-1 like activities (39-41), 
which could play a role in the local regulation of vessel wall 
thrombogenicity in vivo (41). 

In the current study, the endothelial PCA induced by TNF 
and IL-1, alone or in combination, primarily involved a tissue 
factor-like activity. However, it appears that these mono- 
kines can also influence other components of the "endothe- 
lial hemostatic/thrombotic balance** (38). For example, re- 
cent experiments indicate that IL-1 treatment of vascular 
endothelium also results in a decrease in its fibrinolytic 
activity (42), thus, potentially favoring the maintenance of 
fibrin at sites of inflammation. TNF and IL-1 also share at 
least two other endothelial-directed actions. First, like IL-1 
(23, 24), TNF can increase the adhesiveness of endothelial 
cell surfaces for leukocytes (43, 44). Second, both monokines 
stimulate the expression of the same endothelial activation 
antigen (25), which can be found at sites of inflammation in 
vivo (45). However, not all endothelial responses to these 
monokines are identical. For example, long-term incubation 
(3-4 days) of endothelial cultures with TNF results, in 
increased expression of class I major histocompatibility 
antigens (46), whereas IL-1 has no significant effect (unpub- 
lished observation). 

Actions of TNF and IL-1 on vascular endothelium in vivo 
may contribute to the development of thrombotic and inflam- 
matory reactions. In narticular, we suggest that the cUcUs of 
these monokines on endothelial PCA may be involved in the 
development of endotoxin-induced disseminated intravascu- 
lar coagulation and hemorrhagic necrosis of tumors. To 
further understand the pathophysiology of TNF- and IL-1- 
mediated responses in vivo, it will be useful to examine 
human tissues for the expression of endothelial activation 
antigens (25). In addition, it may be important to investigate 
the actions of these monokines on various types of normal as 
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well as tumor-associated endothelium. Better understanding 
of the endothelial-directed actions of TNF and IL-1 may 
contribute to more effective therapeutic interventions in 
inflammatory and neoplastic diseases. . 

Note Added In Proof* Since submission of this article, Kawroth and 
Stern have reported (47) that rTNF treatment of cultured endothelial 
cells alters their hemostatic properties, in part, through the induction 
of tissue factor procoagulant activity. 
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Procoagulant effect of the OKT3 monoclonal antibody: Involvement of 
tumor necrosis factor. We recently observed that the prophylactic 
administration of high doses of OKT3 monoclonal antibody (MoAb) in 
cadaveric renal transplantation favors the development of thromboses 
of the grafts* main Vessels and of thrombotic microangiopathies. These 
clinical observations led us to perform sequential determinations of 
plasma levels of prothrombin fragment 1 and 2 (F T + 2) and fibrin 
degradation products (FDP) after the first injection of 5 or 10 mg OKT3 
given as prophylaxis in kidney transplant recipients. The vaJues ob- 
served have been compared with those of kidney transplant recipients 
not treated with QKT3. F 1 + 2 levels peaked four hours after the first 
injection of 5 mg OKT3 (mean ± sem: 4.82 ± 0.73 vs. 1.75 ± 0.37 
nmol/liter in controls, P < 0.01), indicating activation of the common 
pathway of the coagulation cascade. FDP levels were already above, 
baseline values at four hours and continued to increase until 24 hours 
(mean ± sem at 24 hr, 4729 ± 879 vs. 1038 ± 320 ng/ml in controls, P 
< 0.05), indicating a fibrinolytic process. The magnitude and the time 
course of the changes in F 1 + 2 and FDP plasma levels were similar 
whether the patients received 5 or 10 mg dose of OKT3. The levels of 
von Willebrand factor (VWF) antigen, a molecule released r 

i or damaged endothelial cells, were also significantly ■ increased after . 

injection of OKT3 (mean ± sem at 24 hr^3;67^^18^l2y^i uJll 

^U/iril in controls, i> ^ 0.05): The proc^ 

-further investigated in vitro on human umbilical veirV endothelial cells 
^(Hj^y^oIt^was;^ouJld that 0K13 induces peripheral; blood , mononu- , s 
clear cells (PBMG) to release solubl^ 

Ration of thrombin at th^H^ / 
t mechanism. The a^mtion of chimeric anti^NI^jfto^b^to V culture 
superhatants of OKT3-stimulated PBMC strongly inhibited the; throm- 
bin' generation in this model. We conclude that OKT3, activates the 
coagulation cascade in vivo and that TNF a is a mediator of the 
procoagulant effects of OKT3 at the endothelial cell level. 



The first dose reactions observed after the administration of 
the OKT3 monoclonal antibody (MoAb) in transplant recipients 
include fever, chills, headaches and digestive symptoms [1]. 
Occasionally, more severe complications such as pulmonary 
edema and aseptic meningitis also occur. These adverse reac- 
tions SpJ?£2r tC bf? r^!5itf?d tC thf? 5ySi* r *li / * rolooco r\f r>\Jtf\lrtnt*c 

particularly of tumor necrosis factor-alpha (TNF-a) [2, 3J. We 
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recently observed a new and severe complication of hign-dose 
prophylactic OKT3 (10 mg/day) in kidney transplant recipients, 
namely the occurrence of intragraft thromboses [41. In parallel, 
we found that the first injection of such a high dose of OKT3 is 
followed by a significant increase in the plasma levels of 
prothrombin fragment 1 + 2 (F 1 + 2), indicating activation of 
the common pathway of the coagulation system [4] ; 

The present study was undertaken to farther investigate the 
effects of OKT3 on hemostatic processes. First, we performed 
sequential determinations of plasma levels of F 1 + 2 and fibrin 
degradation products (FDP) after injection of a conventional (5 
mg) or high (10 mg) dose of OKT3 in kidney transplant^ 
recipients. Second; we measured plasma levels of von Willed 
brand factor (VWF) antigen as a marker of endothelial cell 
activation. Third, we developed an in vitro model allowing to 
investigate the role of TNF-a in the procoagulant properties of 

qKf3:at-tK^^ :>^$%^^$y$ 

r-M^ y ^ V Methods X a ^S?:^^gfe^ 

•] ; Mult recipients;of cadayeri transplants were ^^^^^ 
immediately befpre^a^ 

pbst;transplianta^ the OKT3 groups, patients received an 
i.v, injectio^l bT ; 5 mg W = 10) or 10 mg (N = ;7) OKT3 
(Orthocione, Orthp Biotech, Raritan, New Jersey, USA) at the 
initiation of transplant surgery. Other immunosuppressive 
agents on the day of transplantation included azathioprine 2 
mg/kg, and methylprednisolone 8 mg/kg given as an i.v. bolus 
three hours before surgery. In the control group, patients were 
immunosuppressed with azathioprine and methylprednisolone 
only during the first four hours (N = 4) or during the first 24 
hours (N = 3) post-transplantation. As shown in Table 1, the 
immunological characteristics and the ischemia times were 
similur in ths three grc" ps o'" kirir»<»i/ ^rnMcniont m>/>tfUAnte 

In addition, we studied three patients who received a first 
injection of 10 mg OKT3 during the first trimester posttrans- 
plantation as anti-rejection therapy while they were under low 
dose prednisolone (0.3 to 0.5 mg/kg) and azathioprine (1 to 2 
mg/kg), together with {N = 1) r without (N = 2) cyclosporin A 
(4 mg/kg). As in the prophylactic protocol, the OKT3 injection 
was preceded by an i.v. bolus of m thylprednisolone (8 mg/kg). 
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Table 1. lmmun logical parameters and ischemia times 



6 n 



Controls 
7) 



OKT3 5mg 

(N - 10) 



OKT3 10 mg 
(N = 7) 



No. of recipients with 




0/7 


1/10 




1/7 


previous grafts 












N . f recipients with 




2/7 


3/10 




1/7 


anti-HLA antibodies 












HLA incompatibilities 












A 


0.57 


±0.37 


0.70 ± 0.21 


0.57 


±0.20 


B 


0.86 


±0.34 


0.30 ±0.15 


0.29 


±0.18 


DR 


0.14 


±0.14 


0±0 


0.14 


±0.14 


Ischemia times (hours) 


26.1 


±2.2 


22.5 ± 1.8 


26.3 


±3.2 



Data are presented as mean ± sem; differences between the groups 
are not statistically significant. 



Blood collection 

Blood samples were collected through a central venous 
catheter immediately before and 2, 4, 8 and 24 hours after the 
first injection of OKT3. In control patients, blood sampling was 
started at the initiation of surgery and followed the same timing 
as in OKT3 patients, except that four patients of this group 
could only be investigated during the first four hours because 
they subsequently received OKT3. After discarding the first 20 
ml, blood was collected into vacuum tubes containing CTAD or 
tri-sodium citrate 3.8% as the anticoagulant (Diatube, Stago, 
Terumo Europe, Leuven, Belgium). Samples were kept on ice, 
centrifuged at 4000 rpm and plasma were stored at -70°C until 
assayed. , 

Hemostatic assays on plasma samples 

Commercially available ELISA kits were used for determi- 
nation of F 1 + 2 (Behringwerke, Marburg, Germany), FDP 
(Fibrinostika, Organon Teknika, Boxtel, Holland) [5] and VWF 
antigen (Stago, FranconvilIe, r France). , . 

in vitro stimulation o^ blood mononuclear celts 

>t\VT" S^iy -Qy 



with OKT3 



v.: ?eripheral blood mononuclear cells were isolated from blood 
btained ■ from he by Ficojl-Hypaque density 

gradient cehtrifu^ion and cultured in 5% CC>2 atmosphere in - 
Ml 99 medium^ 

20% human serum, in the presence or absence of OKT3 10 
ng/ml. Culture supernatants were collected after 24 hours and 
stored at -70°C until used in the assays described below. 

Generation of thrombin at the surface of human umbilical 
vein endothelial cells 

Human umbilical vein endothelial cells (HUVEC) isolated 
according to the method of JafR [6] were cultured using M 199 
medium supplemented with 20% human serum, essential amino 
acids, endothelial cell growth factor (ECGF) (40 /xg/ml), heparin 
(100 /Wm!) : penicillin and streptomycin. Cells from the second 
passage (2 10 5 cells/ml) were transferred into 96 well plates and 
used at confluence after 24 hours in the absence of heparin and 
ECGF. After washing, 100 p\ culture supernatants f PBMC 
were added, and the thrombin generated at the surface f 
HUVEC was determined by addition of calcium (100 §d 9 30 mM, 
2 min at 37°C) foil wed by normal human citrated plasma (45 
sec at 37°C) before incubati n with the chromogenic substrate 



I 
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Fig. 1. Evolution ofF 1 + 2 plasma levels (mean ± sem) after injection 
of 5 mg prophylactic OKT3 in kidney transplant recipients (H -10) and 
in controls (N = 7 except for the 8 hr and 24 hr time points where H = 
3). Symbols are: (•) OKT 5 mg; (O) controls; **P < 0.01. 



(S2238, Kabi Vitrum, 0.7 mM, 100 /il, 20 min at 37°C). The 
reaction was stopped with acetic acid (50 yd) and the absorb- 
ance rei at;ff0$^ amount of thrombin generated in 

this system was calculated using a standard curve obtained with 
purified thrombin and was expressed in mUnits of thrombin per 
10 s HUVEC; Itf^inW experiments, supernatants of 'OKT3- 
. 'stimja^^ two hou^^^^^^ 

amounts of ^ 

■ (provid^ ^ USX) br^p1f/:an;:awty^-> 

matched MoAb before to be incubated wit^ 

Statistical analysis 

Differences between groups were analyzed by Student's 
/-test. 



In vivo activation of the common pathway of coagulation by 
5 mg OKT3 

We measured F 1 + 2 and FDP plasma levels after the first 
injection of 5 mg OKT3 given prophylactically during transplan- 
tation surgery. As shown in Figure 1, a major increase in F 1 + 
2 levels, reflecting activation of the common coagulati n path- 
way, was observed at four hours (mean 2: sem at 4 hr, 4.82 ± 
0.73 vs. 1.75 ± 0.37 nmol/liter in controls, P < 0.01). 

F 1 + 2 plasma levels returned to basal values within 24 hours 
except in two OKT3 patients. In one of them, thrombosis of the 
graft vein became apparent n the second postoperative day 
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fig. 2. FDP plasma levels (mean ± SEM) before, 4 hours and 24 hours 
after injection of 5 mg prophylactic OKT3 in kidney transplant recipi- 
ents N = 10) and in controls fE3, N = 7 except at 24 hr where N « 
3). */><0.05. 



VWF antigen [6]. Data represented in Figure 4 sh w that VWF 
plasma levels rose significantly following the injection f 5 mg 
prophylactic OKT3 (mean ± sem at 24 hr, 3.67 ± 0.18 vs. 2.17 
±0.11 U/ml in controls, P < 0.05). 

OK 13 generates procoagulant activity at the surface of 
HUVEC 

We next investigated the ability of OKT3 to induce thrombin 
generation at the surface of endothelial cells. For this purpose, 
HUVEC were incubated with OKT3 or with supernatants of 
PBMC stimulated by 10 ng/ml OKT3 before measurement of 
thrombin activity. We first observed that culturing HUVEC 
either with OKT3 alone (10 ng/ml) or with supernatant f 
unstimulated PBMC did not result in significant thrombin 
generation (Fig. 5). On the other hand, supernatants of OKT3- 
stimulated PBMC induce a massive generation of thrombin at 
the HUVEC surface. The magnitude and the time-course of this 
process was similar to that induced by recombinant TNF-a (10 
ng/ml). The same experiments were repeated using factor 
VH-deficient plasma. Under this condition, supernatants of 
OKT3-stimuIated PBMC did not induce any. detectable throm- 
bin generation, suggesting that this phenomenon was dependent 
on tissue factor expression (data not shown). ' \ 

TNF-a is a mediator of the procoagulant effect ofOKT3 at 
■y the endothelial cell level 1 

Since supernatants of OKT3-stimulated PBMC contain high 
levels of TNF-a and. because of the well-known procoagulant 
properties of this mediator, we investigated the role of TNF-a 
in the effects of OKT3 on HUVEC. As shown in Figure 6, the 
addition of a neutralizing chimeric anti-TNF-a MoAb to a 
culture supernatant of OKT3-stimulated PBMC (containing 1.9 
ng/ml, TNF : a) resulted in a dose-dependent inhibition of the 
V; : : f * . >:1 -.^''V' " - 'itHrombin generation. A 80% inhibition was ¥cW^ved^with 1 

^^^e^rdevilp^d a thro^bortc^ & 

nosed on the fifth pos^perative ^ iri F l + 2 / 

.1...., ... ...... -•■ - • - -• — -- 

-i; The first observation of this study is that the I^t^6^iar5 mg 
[OKT3 in ' transplant recipients induces the activation of the 
common pathway of coagulation, as indicated by a significant 
rise in F 1 + 2 plasma level four hours after the injection of the 
MoAb. F 1 + 2 fragment is released during conversion f 
prothrombin to thrombin so that its measurement directly 
reflects activation of prothrombin [8]. In addition, the increase 
in FDP levels indicates that a fibrinolytic process also occurs 
after injection of OKT3. Although parameters of primary fi- 
brinolysis were not measured, the late increase in FDP levels 
suggests that fibrinolysis after injection of OKT3 might, at least 
in part, be secondary to activation of the coagulation cascade. 

Since c-r Erst observation:; cf thrombotic complications 
consecutive to prophylactic OKT3 were made in patients re- 
ceiving a high (10 mg) daily dose of the MoAb [4], we analyzed 
the impact of OKT3 dosage on hemostatic parameters. F 1 + 2 
and FDP peak levels were similar whether the patients received 
the usual 5 mg dose or the high 10 mg dose of OKT3. This is in 
agreement with our most recent clinical data suggesting that, in 
kidney transplant recipients, 5 mg OKT3 treatment als carries 



Table 2. Peak plasma levels of F 1 + 2 and FDP levels according to 
OKT3 dosage 


OKT3 dose 


Peak plasma levels' 1 
F 1 + 2 nmollliter . FDP ng/ml 


5 mg {N = 10) 
IOmg(AT= 7) 


4.82 ± 0.73 / i * 4729 ± 879 
5.88 ±0.75 - •; ^4422 ± 595. 




tibns of dig MoAb (data not shown), : v ,v , 

. ;A^xompai^d with controls, OKT3 patients also displayed 
increased FDP le vels, indicating the occurrence of a fibrinolytic 
process (Fig. 2). This change was already apparent at four 
hours, but was more pronounced at 24 hours (mean ± sem, 4729 
± 879 vs. 1038 ± 320 ng/ml in controls, P < 0.05). 

As shown in Table 2, the changes in hemostatic parameters 
were essentially independent of the OKT3 dose. Peak plasma 
levels of F 1 + 2 were slightly higher in the patients who 
received 10 mg OKT3 but the difference did not reach statistical 
significance (P = 0.41 1). 
Activation of coagulation was also evident when OKT3 was 
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and FDP levels increased in the three patients studied with a 
kinetic similar to that observed under prophylactic OKT3. 

Increased plasma levels of von Willebrand factor after 
injection ofOKT3 
As several cytokines released after the first injection f OKT3 
might affect endothelial cells, we monitored plasma levels of 
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Fig. 3. Evolution ofF 1 + 2 plasma levels (A) 
and FDP levels (B) In three patterns receiving 
a first Injection of 10 mgOKTS as anti- 
rejection therapy. 
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Fig. 4. Plasma levels bfVWF antigen (mean ' + SEM) before, 4 hours 
and 24 Hours after injection of 5 mg prophylactic OKT3 in kidney 
transplant recipients (U t N = 10) and in controls (H,'N = 7 except at 
24 hr where N = 3). *P < 0.05. 



an increased risk of thrombotic complications, as illustrated in 
tw patients of the present study. 

It is likely that cytokines released in the circulation after the 
first injection of OKT3 play a central role in the procoagulant 
effect of the MoAb, as previously suggested by Kanfer et al [9]. 
Thus, interferon-? has been shown to be involved in the 
induction cf monocyte prccc^guJar.t activity by la viiiv 
[10], Moreover, TNF-a is known to promote fibrin deposition 
and intravascular c agulation in vivo [11]. Interestingly, the 
magnitude and the time course f the changes in F 1 + 2 plasma 
levels in our patients were very similar to those reported by van 
der Poll et al in healthy v lunteers injected with recombinant 
TNF-a [12]. In this setting, it is clear that the extrinsic route and 
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5. thrombin generation (mean ± sem of triplicate wells) at the 



surface of HUVEC athyarhus times after incubation either with 
medium alone(V), with super natants of unstimulated PBMC (O), with 
supernatahts \6f OKT3-stimulaied PBMC (V), or with recombinant 
TNF;a(Wng/ml)(my ^ - * - 



not the contact system of coagulation was activated [12]. 
Endothelial cells could play an important role in this phenom- 
enon since TNF-a stimulates the expression of tissue factor at 
their surface [13]. 

Our previous clinicopathological observations of thrombotic 
microangiopathy mimicking hemolytic-uremic syndrome as a 
complication of prophylactic OKT3 already suggested that 
endothelial cells are important targets of OKT3 toxicity [4]. The 
twofold increase in VWF levels 24 hours after injection of 
OKT3 is consistent with the hypothesis that endothelial cells 
are activated and/or damaged as a consequence of the admin- 
istration of the MoAb. In vitro experiments on HUVEC al- 
iuwcu iu determine more precisely the procoagulant effects of 
OKT3 at the endothelial cell level. While the MoAb has no 
direct effect on HUVEC, it induces PBMC t release s luble 
factors which trigger thrombin generation at the HUVEC 
surface by a tissue factor-dependent mechanism. The blocking 
effect of a chimeric anti-TNF-a M Ab revealed that TNF-a is a 
crucial mediator of the procoagulant effect f OKT3 in this 



1128 



Pradier el ah Provoagulam effect ofOKT3 



B 



0KT3 Sn 


MoAb 


ng/ml 


+ 






+ 


Control 


1000 


+ 


Anti-TNF 


2 


+ 


Anti-TNF 


40 


+ 


Antl-TNF 


1000 



0 



Thrombin, mU/1(f HUVEC 
20 40 



60 

i 



Fig. 6. Role of TNF-a in the generation of 
thrombin at the HUVEC surface. HUVEC 
were cultured with a supernatant of OKT3- 
stimulated PBMC in the presence of various 
concentrations of chimeric anti-TNF-a MoAb 
or of an isotype-matched control MoAb, and 
the generation of thrombin (mean ± sem of 
triplicate wells) was measured after 4 hours. 



system. This does not exclude the involvement of other cyto- 
kines, that is, interferon-y, which are known to act in synergy 
with TNF-a in the induction of endothelial cell changes [11]* 

As far as the clinical relevance of our findings is concerned, 
one should first stress that the activation of coagulation is very 
transient and is only observed aifter the first injection of the 
MoAb. interestingly, the release of cytokines also only occurs 
after the first injection OKT3 [2, 3]. In fact, the changes 'in 
hemostatic parameters parallel the release of cytokines which is 
maximal two hours after the first OKT3 injection. Since the 
main thrombotic complications in our experience occurred in 
patients receiving prophylactic OKT3 and involved intragraft 
vessels, it is possible that endothelial damages induced by 
ischemia and/or surgery contribute to the development of 
thromboses. Although thrombotic complications have-not been 
reported as -yet in patients receiving 'OK^^-"anthrejection 
therapy, one should be aware that activation of coagulation also i 
occurs in this setting. "*| . . ■ \ '%£ ':<■ . f' 

. Since TNF-a appears as an essential, mediator of the proco- 
agui^t activity of 0KT3;^rt compli- ; 

cations induced by prophylactic OKT3 could possibly be pre- 
vented^ of TNF-a or abrogation of its' release; 
This might represent the rationale for a trial of ariti-TNF^a . 
MoAb in patients receiving OKT3 as well as for the clinical 
development of non-activating OKT3-Iike MoAb [14]. 



Appendix. Abbreviations 

Fl +2: Prothrombin fragment I +2 

FDP: Fibrin degradation products 

HUVEC: Human umbilical vein endothelial cells' 

MoAb: Monoclonal antibody 

PBMC: Peripheral blood mononuclear cells}.- 

TNF-a: Tumor necrosis factor-alpha - 

VWF: von Willebrand factor , 
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Note added in proof 

Since the submission f this manuscript, another study has demon- 
strated activation of coagulation and fibrinolysis following OKT3 ad- 
ministration [Raasveld MH« Hack CE, ten Berge IJ: Thromb 
Haemostas (in press)]. 
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Abstract, The aim was to investigate circulating E-selectin 
and Intercellular Adhesion Molecule- 1 (ICAM-1) in acute 
myocardial infarction. Our study was carried out in 80 
patients, 40 hospitalized for acute myocardial infarction 
(AMI), 20 suffering from chronic stable angina and 20 
healthy control subjects. Samples of venous blood were 
taken from all patients at the moment of hospitalization 
and after 2, 4, 6, 8, 10, 12 and 24 hours from the 
thrombolytic treatment (AMI + urokinase) or conven- 
tional therapy (AMI -I- nitroglycerin), for the dosage of 
creatinine kinase (CK) and adhesion molecules. The CK 
was determined by means of a Hitachi 901 automatic 
analyser using an enzymatic method (reagents Boheringer- 
Biochemia, Germany). Soluble E-selectin (sE-selectin) 
and soluble ICAM-1 (sICAM-1) were measured in the 
serum using a specific immunoassay (British Biotechnol- 
ogy Products). The serum levels of Tumor Necrosis 
Factor (TNF-a) were evaluated using an immunoenzy- 
matic assay to quantitate the serum levels of the cytokine 
(British Biotechnology Products). Patients with acute 
myocardial infarction (AMI) had increased serum levels 
of soluble E-selectin (sE-selectin; AMI -I- urokinase = 
3 1 2 ± 20 ng/ml; AMI + nitroglycerin = 334 ± 1 5 ng/ml) 
and soluble ICAM-1 (sICAM-1; AMI -f urokinase = 
629 ± 30 ng/ml; AMI + nitroglycerin = 655 ± 25 ng/ml) 
compared to both patients with chronic angina (sE- 
selectin = 67±10ng/ml; sICAM-1 =230 ±20 ng/ml) and 
healthy control subjects (sE-selectin = 53 ± 1 5 ng/ml; 
sICAM-1 200 ± 16 ng/ml). Furthermore patients with 
acute myocardial infarction also had increased serum 
levels of Tumor Necrosis Factor (TNF-a = 309 ± 
lOpg/ml; control subjects = 13±5pg/ml). Thrombolytic 
therapy with urokinase (1,000,000 IU as an intravenous 
bolus for 5 minutes, followed by an infusion of an 
additional 1,000,000 1 U for the following two hours) 
succeeded in producing reperfusion and reduced the 
serum levels of sE-selectin (52 ± 13 ng/ml) and sICAM-1 
(202 ±31 ng/ml). In contrast patients not eligible for 
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thrombolytic therapy and therefore treated with conven- 
tional therapy (a continuous i.v. infusion of nitroglycerin 
at the dose of 50mg/die) did not show any significant 
reduction in both sE-selectin and sICAM-1 throughout 
the study. Our results confirm previous experimental 
data and indicate that adhesion mechanisms supporting 
leukocyte-endothelium interaction may also be operative 
in human acute myocardial infarction. 

Key words: E-selectin - Intercellular adhesion molecule 1 - 
Myocardial infarction - Leukocytes - Endothelium 



Introduction 

A large body of evidence has suggested the involvement 
of an inflammatory response in the pathophysiology of 
myocardial ischaemia-reperfusion injury [1]. Leukocyte 
accumulation in the myocardium may amplify tissue 
damage by producing cell activation of the myocytes and 
by releasing deleterious substances such as leukotrienes 
[2], thromboxane A 2 [3], oxygen free radicals [4] and 
platelet activating factor [5]. 

Adhesion molecules are considered to play a pivotal 
role in the localization and development of an inflamma- 
tory reaction. E-selectin is synthesized by the endothelium 
following different priming stimuli [6]. This molecule 
belongs to the selectin family and it has a molecular 
weight of 115 kDa [7]. The binding molecules for E- 
seieciin in ncuLiupImS and monocytes are the L-selecti" 
ligands or Sialyl-Lewis x [8]. Intercellular adhesion 
molecule 1 (ICAM-1) is an adhesion molecule normally 
expressed at a low basal level on endothelial cells, but its 
expression can be enhanced by various inflammatory 
mediators such as IL-1 and TNF [9]. Structurally ICAM- 
1 is a member of the Ig supergene family with five 
extracellular IG-like domains, a single transmembrane 
region and a short cytoplasmic tail [10]. It is a ligand for 
at least two members of trie CD 18 family of leukocyte 
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adhesion molecules: LFA-1 (CD 11 a/CD 18) and Mac-1 
(CDllb/CD18) [11^12]. 

It has been shown that a passive immunization with 
specific antibodies raised against both E-selectin and 
ICAM-1 reduces infarct size and myocardial leukocyte 
accumulation in an experimental model of myocardial 
ischaemia [13, 14]. 

Experimental evidence has also shown that soluble 
isoforms of these adhesion structures can be found in 
the circulation, thus indicating that the. levels of soluble 
adhesion molecules may be useful monitors of disease 
activity and that they may have physiological effects. 

We therefore investigated the serum levels of soluble 
E-selectin and ICAM-1 in patients with acute myocardial 
infarction. 



Materials and methods 

80 patients were studied, 40 hospitalized for acute myocardial 
infarction (AMI), 20 suffering from chronic stable angina (CHD) 
and 20 healthy normal control subjects (N). 

The 40 patients with acute myocardial infarction were divided 
into two groups: a group of patients (n = 20) eligible for 
thrombolytic therapy and another group of patients (n = 20) that, 
because of the presence of exclusion criteria (previous coronary 
bypass operation, peptic ulcer disease, traumas or surgical opera- 
tions in the last month, anticoagulant therapy), underwent a 
conventional treatment with nitroglycerin (a continuous intra- 
venous infusion at the dose of 50mg/die together with morphine 
hydrochloridum at the dose of 5mg/die/i.v.) 

Of the 20 patients hospitalized for a first event of AMI and 
treated with urokinase, 18 were male and 2 were female, with an age 
between 31 and 69 years (average age 54.3 ± 5.4 years). 

In 12 cases the AMI was anterior and in 8 cases it was inferior. 
The interval of time between the onset of the first symptoms and 
hospitalization varied from 70 to 190 minutes (average 139.4 ± 36.7 
minutes) and all patients were treated within 4 hours from the onset 
of the symptoms. 

Of the 20 patients hospitalized for a first event of AMI and 
treated with conventional therapy, 12 were male and 8 were female, 
with an age between 35 and 72 years (average age 66.7 ± 6.3 years). 

In 13 cases the AMI was anterior and in 7 cases it was inferior. 
The interval of time between the onset of the first symptoms and 
hospitalization varied from 80 to 220 minutes (average 151.4 ± 41 .9 
minutes) and all patients were treated within 4 hours from the onset 
of the symptoms. 

The diagnosis of AMI was made on the basis of the presence of 
the characteristic precordial pain for more than 30 minutes not 
sensitive to the sublingual nitroglycerin, and the elevation in the ST 
segment in 2 or more contiguous precordial derivations (AMI 
anterior) or in 2 or 3 inferior derivations (II, III, aVF) (AMI 
inferior), the increase >100 U/I of the creatine kinase and >20 U/I 
ol the isoenzyme MB of the CK, 

Criteria of exclusion were the presence of a left bundle 
branch_block, the depression of the ST segment or the inversion 
me i-wave (non g-wave miarctionj. 

None of the patients showed, either at the moment 
oi hospitalization or in the last month, existing infectious episodes 
and the urine test did not show signs of infections in progress. A 
ultural exam of the urine was performed anyway in all patients to 
confirm the absence of infectious processes of the genitourinary 
nc^k ■ ne ° f the P atients showed respiratory pathologies of the 
asinmatic type or autoimmune diseases. 

Samples of venous blood were taken from all patients at the 
from*' u hos P ita,ization and after 2, 4, 6, 8, 10, 12 and 24 hours 
rr^- , l 0mbolytic or conventional treatment, for the dosage of 
creatine kinase (CK) and soluble adhesion molecules. 



The CK was determined by means of a Hitachi 901 automatic 
analyser using an enzymatic method (reagents Boheringer- 
Biochemia, Germany). 

Soluble E-selectin (sE-selectin) and soluble ICAM-1 (sICAM-1) 
were used in the serum using a specific immunoassay (British 
Biotechnology Products). Briefly, 100 ul of biotinylated antibody 
raised against human E-selectin or human ICAM-1 and lOOul 
of serum were added to each well. After washing with buffer 
and decanting, 100 ul of streptavidin conjugated to horseradish 
peroxidase were added to each sample. The wells were then 
incubated for lh and after washing with buffer and decanting 
100 ul of tetramethylbenzidine were put into each well. The wells 
were then incubated for 1 0 min at 37 °C and, finally 1 00 ul of an acid 
solution were added to each well. The optical density of each well 
was determined within 30 minutes using the microtiter plate reader 
set at 450 nm with a correction wavelength of 620 nm. 

The serum levels of Tumor Necrosis Factor (TNF-a) were 
evaluated using an immunoenzymatic assay to quantitate the serum 
levels of the cytokine (British Biotechnology Products). 

The 20 patients, 16 males and 4 females, with an average age of 
56.9 ±7.2 (range 41-68 years), suffering from chronic stable 
angina, showed crises of angina not only of effort but also at rest 
and the sample was taken in a phase of quiescence, at least 72 hours 
from the last anginal event. 

All of the patients showed an anginal symptomatology for at 
least three months. They had following a cycloergometer effort test 
either angina or a decrease in the ST segment. The ST segment 
decreased at least 1 mm at 0.08 sec. from point J. 

The healthy control subjects showed no sign of respiratory, 
cardiovascular, infective or autoimmune diseases. 

All of the subjects included in the case-record, informed about 
the purposes and methods of the study, gave their consent and the 
research was conducted in observance of the principles of the 
declaration of Helsinki and successive revisions of Tokyo and 
Venice. 

Data are presented as mean ± S.D. The difference between the 
means of different groups was evaluated with ANOVA followed by 
Bonferroni's test and was considered significant when p < 0.05. 



Results 

8 of the 20 AMI urokinase patients were hypertensive 
and were previously treated with antihypertensive 
drugs (six with dihydropyridinic calcium antagonists, 
two with ACE-inhibitor and hydrochlorothiazide), 12 
were smokers and 9 showed elevated cholesterol values 
(>240mg/dl) (mean values 239 ± 27mg/dl) (Table 1). 

On admission to the clinic those patients underwent 
thrombolytic therapy with urokinase (Ukidan, Serono) 
administered at the dose of 1,000,000 IU by venous 
bolus for 5 minutes, followed by further 1,000,000 IU by 
infusion for the following two hours. 

325 mg of aspirin were administered to all patients 
at the beginning of the thrombolytic therapy, while 
heparin was administered at the end of the thrombo- 
lytic treatment, at the dose of 5,000 U by intravenous 
bolus, followed by a continuous infusion of 1,000 U/hour, 
adjusting the dose to maintain a partial activated 
thromboplastin time between 70 and 100 seconds. 

As indicators that reperfusion occurred, the relief of 
an early peak (<12 hours) of CK, the reduction of at least 
50% of the decrease in the ST segment 90-120 minutes 
after the beginning of the thrombolysis, the sudden 
reduction or disappearance of thoracic pain and the onset 
of arrhythmia 1-90 minutes after the beginning of the 
therapy were used. 
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Table 1. Clinical characteristics of patients i4jrT Au , ¥ , r » , , 

on admission to the study. AMI 4- urokinase AMI + nitroglycerin CHD Healthy 

(n = 20) (n = 20) patients subjects 

(n = 20) (n = 20) 



A ftp* 1 \if*ci rc 1 


54.3 ± 5.4 


66.7 ± 6.3 


56.9 ± 7.2 


JI .O -E. o .u 


\A f*ti In I 
1V1C11 


18 


12 


16 


14 


D1V11 




29.5 ± 7.5 


t. f .Z, jC Z.. 1 


9fi 14-10 


Site of infarction 










Anterior 


12 


13 






Inferior 


8 


7 






Onset oj infarct to treatment 










Treatment within 3 hours 


1 A 


i j 






I red linen i wiiuin h nuuia 


u 


7 






Creatine kinase 










Peak (IU) 


1471 ±624 


1375 ±230 






Time to peak (hours) 


9.3 ±2.1 


22 ±3.2 






SBP (mmHg) 


139 d= 21 


148 ± 13 


143 ±9 


137 d= 8 


DBP (mmHg) 


86 db 13 


87 ±6 


85 ±5 


82 ±6 


HR(beats/min) 


81 ± 14 


83 ±7 


78 ±5 


76 ±4 


Smokers (n) 


12 


5 


10 


8 


Hypertension (n) 


8 


4 


8 


0 


Serum TNF-a (pg/ml) 


339 ±10* 


297 ± 11* 


24 ±7 


13 =b 5 


Cholesterol levels 


239 ± 27* 


241 ± 15* 


223 ± 25 


212 ± 19 


(mg/dl) 










Hypercholesterolemia (n) 


9 


5 


4 


3 


Creatinine clearance 


101 ± 16 


103 ± 15 






(ml/min) 










sE-selectin (ng/ml) 


312 ±20* 


334 ± 15* 


67 ± 10 


53 ± 15 


sICAM-1 (ng/ml) 


629 ± 30* 


655 ±25* 


230 ± 20 


200 ± 16 



AMI: acute myocardial infarction, CHD: coronary heart disease, BMI: body mass index, SBP: 
systolic blood pressure, DBP: diastolic blood pressure, HR: heart rate, *p < 0.02 vs CHD 
patients or healthy subjects. Data are expressed as mean ± S.D. 



Following such criteria reperfusion was obtained in 
all the treated patients. The utilization of such criteria at 
the end of the evaluation seemed to us more useful than 
the data obtained from the coronarographic investiga- 
tion, carried out at an interval variable from 7 to 30 days 
in all patients, since the results could be distorted 
by late phenomena of spontaneous recanalization or of 
reocclusion. 

In patients with myocardial infarction and treated 
with urokinase the CK peak was reached between the 
sixth and the twelfth hour (mean values of CK peak 
9.3 ±2.1 hours) (Table 1). In contrast AMI patients 
treated with conventional therapy did not show an 
early peak of CK (Table 1). Figure 1 shows also the time 
course of serum CK before and after thrombolytic or 
conventional therapy. 

Not having a pre-infarction value of sE-selectin and 
sICAM-1 the data obtained basally in such patients 
after the acute ischaemic event were compared with 
those of 20 patients suffering from ischaemic heart 
disease (chronic stable angina) and of 20 heaiiiiy 
subjects used as a control group, whose clinical 
characteristics are reported in Table 1. Basal levels of 
sE-selectin and sICAM-1 were significantly increased in 
patients with myocardial infarction compared both to 
patients with ischaemic heart disease and healthy 
control subjects (Fig. 2). Patients with acute myocardial 
infarction also had increased serum levels of TNF-a 
(Table 1). 

Patients with ischaemic heart disease and healthy 



subjects had overlapping levels of sE-selectin and 
sICAM-1 (Fig. 2). Thrombolytic treatment significantly 
and progressively reduced the serum levels of the adhesion 
molecules (Figs. 3-4). In contrast AMI patients treated 
with conventional therapy did not show significant 
change in the soluble levels of both E-selectin and 
ICAM-1 throughout the study (Figs. 3-4). 
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Fig. 1. Time course of serum CK before and after thrombolytic 
therapy or nitroglycerin treatment in patients with acute myo- 
cardial infarction (AMI). Each point represents mean ± S.D. from 
20 patients. Closed squares = AMI + urokinase; Closed circles = 
AMI + nitroglycerin. 
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Fig. 2. Basal levels of circulating E-Selectin (sE-Selectin) and 
ICAM-1 (sICAM) in patients with acute myocardial infarction 
(AMI) later treated with urokinase (AMI + urokinase) or nitro- 
glycerin (AMI -f nitroglycerin), in patients with ischaemic heart 
disease (CHD) and healthy control subjects. Each point represents 
mean ± S.D. from 20 patients. P < 0.001 vs CHD patients or 
healthy subjects. 
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Fig- 3. Time course of circulating E-Selectin before and 
after thrombolytic therapy or nitroglycerin treatment in patients 
with acute myocardial infarction (AMI). Each point represents 
mean ± S.D. from 20 patients. * P < 0.05 vs AMI + nitroglycerin. 
Closed squares = AMI + urokinase; Closed circles = AMI + 
nitroglycerin. 




Fig.- 4. Time course of circulating ICAM-1 before and after 
thrombolytic therapy or nitroglycerin treatment in patients 
with acute myocardial infarction (AMI). Each point represents 
mean ± S.D. from 20 patients. *P < 0.05 vs AMI + nitroglycerin. 
Closed squares = AMI + urokinase; Closed circles = AMI -f 
nitroglycerin. 



Discussion 

A major factor involved in leukocyte recruitment into 
inflammatory tissues is thought to be the expression on 
vascular endothelial cells of cytokine inducible adhesion 
molecules for leukocytes [15, 16, 17]. The two adhesion 
molecules that have been characterized most fully are 
ICAM-1 and E-selectin, previously called endothelial 
adhesion molecule 1 [18]. ICAM-1 is a single chain 
glycoprotein of the IG supergene family which is present 
on unstimulated endothelial cells and on a variety of 
other cell types including activated fibroblasts, macro- 
phages, and lymphocytes [18]. The surface expression of 
ICAM-1 is up-regulated on endothelial cells by IL-1, 
TNF, LPS or IFNr [19]. ICAM-1 is a ligand for the 
leukocyte integrins LFA-1 (CD 11 a/CD 18) and Mac-1 
(CDllb/CD18) and is likely to be involved in the 
adhesion of both neutrophils and lymphocytes to 
cytokine activated endothelium. In contrast to ICAM-1, 
E-selectin is found only on activated endothelial cells and 
its expression is induced by IL-1 and TNF-a [19]. 

Previous findings have indicated that a passive 
immunization with specific antibodies raised against 
both E-selectin and ICAM-1 reduces infarct size and 
myocardial leukocyte accumulation in experimental 
myocardial ischaemia reperfusion injury. These results 
prompted us to study E-selectin and ICAM-1 in human 
acute myocardial infarction. 

Experimental studies have identified a circulating 



- c u r: 

1 Ul 111 Ul L/UL1L Iw-jvi^ 



:d ICAM-1 P 1 ] Elevated 
levels of sE-selectin have been reported in patients with 
diabetes, polyarteritis nodosoum, giant cell arteritis and 
scleroderma. sE-selectin showed also a marked increase in 
septic patients [22] and in hypertension [23]. 

A number of studies have already been published 
suggesting that circulating ICAM-1 is elevated in 
inflammation, infection and cancers [22]. So far, however, 
no study has been carried out in patients with myocardial 
infarction. 



18 



F. Squadrito et al. 



Inflamm Res 



Therefore we measured the levels of both sE- 
selectin and sICAM-1 in patients with acute myocardial 
infarction. 

Our results suggest that patients with acute myo- 
cardial infarction show elevated blood levels of both 
sE-selectin and sICAM-1 compared either to patients 
suffering from chronic stable angina (studied in a phase of 
quiescence) or healthy normal subjects. Furthermore, 
thrombolytic therapy significantly reduced the serum 
levels of the adhesion molecules. These observations, 
taken together, would suggest that only an acute 
ischaemic insult is able to produce a widespread activa- 
tion of endothelium-leukocyte interaction. Indeed our 
data confirm previous data showing that soluble form 
of P-selectin, another adhesion molecule expressed by 
endothelial cells and platelets, is increased in acute 
myocardial infarction [24]. 

In contrast, the presence of a chronic ischaemic 
pathology such as that of the patients suffering from 
chronic stable angina does not cause the serum levels of 
soluble adhesion molecules to increase. However this 
latter result is, at least in part, in disagreement with the 
data reported by Blann and McCollum [25]. In fact they 
found an increase in sICAM-1 in patients suffering from 
coronary angina. This discrepancy might be due either to 
a different disease stage or, alternatively, to the fact that 
our patients were studied in a phase or quiescence. 

It has been suggested that TNF-a induces "in vitro" 
the expression of both E-selectin and ICAM-1 [26]. We 
have previously shown that the serum levels of TNF-a 
are significantly increased in rats subjected to experi- 
mental myocardial ischaemia-reperfusion injury [27]. In 
agreement with these data our patients suffering from 
acute myocardial infarction had increased serum levels of 
TNF-a. Therefore it could be hypothesized that also in 
human myocardial infarction TNF-a induces the expres- 
sion of both E-selectin and ICAM-1. Some patients 
with myocardial infarction had also increased . serum 
levels of cholesterol: however at the present there is 
no scientific evidence supporting the hypothesis that 
hypercholesterolemia may cause the levels of either of the 
two soluble adhesion molecule or of TNF-a to increase. 

An important finding of the present paper is the 
evidence that the thrombolytic therapy, which succeeded 
in producing reperfusion, progressively reduced the 
serum levels of circulating adhesion molecules. In 
contrast patients treated with conventional therapy had 
likely no early recanalization and showed no significant 
decrease in the soluble levels of E-selectin and ICAM-1 
throughout the study. 

This would indicate that the acute ischaemic 
event, likely through the release of several mediators 
cuch cis infi—inrriatory cytokines, pi t^i^f artjvatina fpr.tor 
or eicosanoids, is responsible for the enhanced serum 
levels of both sE-selectin and sICAM-L Indeed the data 
obtained from the measurement of soluble adhesion 
molecules may be differently interpreted. They may 
represent a marker of inflammation and, as in the 
case of sE-selectin, the increased serum levels would 
indicate endothelium activation or damage. Alterna- 
tively, circulating adhesion molecules might have physio- 
logical effects such as the capacity of competing in the 



cell-cell adhesion mechanisms, an event that would limit 
in myocardial ischaemia the deleterious accumulation of 
leukocytes in the endothelium and in the ischaemic 
tissues. However the scientific significance of monitoring 
levels of adhesion molecules is still far from being 
completely understood and only further studies will 
clarify this point. 

In conclusion we have shown that patients with acute 
myocardial infarction have elevated serum levels of 
soluble endothelial adhesion molecules, thus indicating 
that therapeutical approaches aimed at blocking cell-cell 
interaction may represent a new avenue to the treatment 
of myocardial infarction. 
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Abstract Tumor necrosis factor has been Implicated in 
the activation of blood coagulation in septicemia, a con- 
dition commonly associated with intravascular coagu- 
lation and disturbances of hemostasia. To evaluate 
the early dynamics and the route of the in vivo coagula- 
uVe response to tumor necrosis factor, we performed a 
controlled study in six healthy men, monitoring the acti- 
vation of the common and intrinsic pathways of coagu- 
lation with highly sensitive and specific radioimmuno- 



Recombinant human tumor necrosis factor, adminis- 
tered as an intravenous bolus injection (50 jug per square 
meter of body-surface area), induced an early and short- 
lived rise in circulating levels of the activation peptide of 
factor X, reaching maximal values after 30 to 45 minutes 
(mean ±SEM increase after 45 minutes, 34.2±18.2 per- 
cent; tumor necrosis factor vs. saline, P = 0.015). This 
was followed by a gradual and prolonged increase in the 
plasma concentration of the prothrombin fragment F 1+2 , 

SEPTICEMIA is frequently associated with dis- 
turbances of hemostatic balance. Disseminated 
intravascular coagulation, with widespread deposi- 
tions of fibrin in the microvasculature, is commonly 
found in septic shock and is closely linked to the devel- 
opment of multiple organ failure. 1 The mechanism by 
which the clotting cascade is activated during septice- 
mia is incompletely understood. > 
.i. :: v :Recently, U has become apparent that the cytokine 
known as tumor necrosis ^facto^Kas a, pivotal role in 
the initiation of the sepdc syndrome:^ 
. factor is secreted byimoriocytes arid macrophages in 
response ;tOLvariousjtim de- 
rived: from gram-negative bacteir^ 
taat^^'^teinic release of ^tu^pr^njecm be- 
curs soon after the. injection of- endotoxin \m healthy 
volunteers, 4 and high levels , of .the "factor have been 
detected in patients with sepsis. 5,6 In laboratory ani- 
mals, recombinant tumor necrosis factor induces the 
septic syndrome, 7 *® whereas passive immunization 
against tumor necrosis factor prevents death in experi- 
mental models of sepsis. 9 - 10 

In cultured endothelial cells, tumor necrosis factor 
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peaking after four to five hours (mean increase after five 
hours, 348.0+144.8 percent; tumor necrosis factor vs. sa- 
line, P<0.0001). These findings signify the formation of 
factor Xa (activated factor X) and the activation of pro- 
thrombin. Activation of the intrinsic pathway could not be 
detected by a series of measurements of the plasma lev- 
els of factor Xil t prekailikrein, factor Xlla-CI Inhibitor com- 
plexes, kallikrein-C1 inhibitor complexes, and the activa- 
tion peptide of factor IX. The delay between the maximal 
activation of factor X and that of prothrombin amounted to 
several hours, indicating that neutralization of factor Xa 
activity was slow. 

We conclude that a single injection of tumor necrosis 
factor elicits a rapid and sustained activation of the com- 
mon pathway of coagulation, probably induced through 
the extrinsic route: Our results suggest that tumor necrosis 
factor could play an important part in the early activation of 
the hemostatic mechanism in septicemia. (N Engl J Med 
1990;322:1622-7.) 

exerts a .n t procoagulant effect by enhancing the ex- 
pression of tissue factor 11 * 13 and inhibiting the fibrino- 
lytic resppnsejby suppressing the release of tissue-type 
plasminogen activator and. .inducing the secretion of 
plasminogen activator inhibitor Type I. 14 * 16 Moreover, 
the activation of protein C becomes impaired by 
down-regulation ofjhrombomodulin.V:' 7 * 18 The infu- 
sion of high doses of rerombinant tumor necrosis fac- 
tor in dogs < results in ^microyascul^ In 
panentej^i^ - 
of tumo^neci;^is;fe 
' of jntiaya^ 
and in y^yo 

necrosis facto* Jj5;an. important mediate^ 
' .tion of coaj^lationjin ;septi<^ia.^ £ 
In recent^ 

uated as an antineoplastic agent, given in low doses to 
patients with metastatic cancer. Bauer et al. con- 
firmed the procoagulant. effect of tumor necrosis fac- 
tor in such patients by using highly sensitive and spe- 
cific radioimmunoassays that permit the detection of 
in vivo activation of the hemostatic mechanism at the 
subnanomolar level (i.e., detection of the prothrombin 
fragment F l+2 and ftbrinopeptide A). 19 The early 
events of the coagulative response could not be de- 
termined > however, since the first coagulation stud- 
ies were performed three hours after the start of a 
continuous infusion «f tumor necrosis factor. More- 
over, a procoagulant state already existed before treat- 
ment with tumor necrosis factor, as indicated by ele- 
vated plasma levels of F I+2 and fibrinopeptide A 
at base line. 19 The aim of the present study was 
to investigate the early dynamics and route f co- 
agulation activation after the administration f re- 
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combinant tumor necrosis factor. Therefore, we per- 
formed a controlled study in six healthy male subjects, 
sequentially measuring indexes of the activation 
of the common and intrinsic pathways of coagu- 
lation. 

Methods 

The study was approved by the institutional research and 
ethics committees of the Academic Medical Center, University of 
Amsterdam, and written informed consent was obtained from alt 
subjects. All subjects were admitted to the Metabolic Research 
Ward. 

Study Design 

Six healthy men 27 to 33 years of age volunteered to participate in 
the study. None had abnormalities on physical examination or rou- 
tine laboratory investigation. They did not use medications and had 
had no febrile illness in the month before the study. The study 
periods were 12 hours in length, starling at 7:30 a.m. The subjects 
fasted overnight until the end of each study period. Each subject 
was studied on two occasions at least three weeks apart. In one 
study period, a bolus intravenous injection of recombinant human 
tumor necrosis factor (50 pg per square meter of body-surface 
area) dissolved in 10 ml of isotonic saline was given; in the other 
■ period an equivalent volume of isotonic saline was administered. 
The order in which the two injections were given was determined 
randomly. *■';.*.'.'■ 

Mean arterial blood pressure and pulse rate were measured at 
15-minute intervals with a Dinamap monitor. (Critikon, Tampa). 
: Temperature was recorded continuously , by means of a rectal 
cannula (Hewlett-Packard, Boebtingen, Federal Republic of Ger- 
many). ". vl . ."' 

Recombinant human tumor necrosis factor was kindly provided 
by Boehringer-fngelheim (Ingelheim am Rhein, Federal Republic 
of Germany). It was more than 99 percent' pure, as' determined by 
' sodium dodecyl sulfa te-polyacrylamide gel electrophoresis, and 
contained less than 10 ng of endotoxin per' milligram of protein, as 
tested^ by the limulus amebocyte lysate test. v ^ 1 ^ . 

Blood Collect ■ '. T -^^1^^//;t : 

-^s. Venous blood samples were obtained by separate venipunctures, 
lvl.with,use of 19-gauge butterfly needles, diircdy; before the inject 
" of recombinant tumor necrosis factor or isotonic saline and 15, '30;- 
; f and 45 minutes and 1, 2, 3, 4, 5, 6, and 12 hours thereafter. ->, 
-v.-^: Blood for ihe measurement of factor. IX acuvation peptide, factor 
'X' activation peptide, and F U2 was" collected} in plastic syringes . 
r loaded with the following anticoagulant: 38 mM citric acid, 75 mM 
solium atrate, 136 mM dextrose, 6 mM EDTAj 6 mM adeno-' 
. sine, and 25 U of heparin per milliliter. The ratio of anticoagu- 
lant to blood was 0.2:1.0 (vol/vol). After collection of the blood 
samples,, plasma was obtained by centrifugation at 4°C for 30 min- 
utes at 1600Xg and stored at -70°C before measurement. Blood for 
the measurement of fibrinogen was collected in tubes loaded 
with* 32 g of trisodium citrate dihydrate per liter (1 to 9 ml 
of blood) and centrifuged at 1600 for 20 minutes at room tem- 
perature. The plasma samples were stored at -70°C until ana* 
lyzed. 

Blood for the determination of factor XII, prekallikrein, factor 
Xlla-CI inhibitor complexes, and kallikrein-Cl inhibitor complex- 
es was collected in siliconized Vacutainer tubes (Bcctnn Dickinson, 
Plymouth, England), to which EDTA ( 10 mM) and Polybrene (0.05 
percent, wt/voi) were added to pnrvem any in vluw «ciiv«Uor. of the 
contact system. 20 The tubes were centrifuged at room temperature 
for 10 minutes at 1 300*£, and the plasma was aliquoted and stored 
in polystyrene tubes at -70°C until the tests were performed. Blood 
for the determination of platelet counts was collected in tubes load- 
ed with EDTA tri potassium and analyzed immediately. Tumor ne- 
crosis factor was measured in serum samples obtained immediately 
before the injection of recombinant tumor necrosis factor and saline 



and 5, 10, 15, 30, 45, 60, 120, 180, and 240 minutes thereafter. The 
serum samples were frozen immediately and kept frozen until as- 
sayed. 

Assays 

The plasma levels of factor IX activation peptide, factor X acti- 
vation peptide, F,+t, (actor XII, prekallikrein, factor Xlla-CI in- 
hibitor complexes, and kailikrenv-Cl inhibitor complexes were de- 
termined by radioimmunoassays as described elsewhere. 11 " 15 
Plasma fibrinogen concentrations were measured with a turbidimrt- 
ric method (ChromoTimeSystcm, Behringwerke, Marburg, Federal 
Republic of Germany). 36 The plasma concentrations of factor IX 
activation peptide and factor X activation peptide are given in pico- 
moles per liter, those of F K2 in nanomoles per liter, and the plasma 
fibrinogen values in grams per liter. Plasma levels of factor XII and 
prekallikrein are expressed as units per milliliter of plasma, by 
reference to pooled plasma from healthy donors that mntntiM one 
unit of both factor XII and prekallikrein per milliliter. The plasma 
values of factor Xlla-CI inhibitor complexes and kaUikrem^Cl 
inhibitor complexes are expressed as units per milliliter of plasma, 
by reference to dextran sulfate plasma, pooled from healthy donors, 
that contains one unit of both factor Xlla-CI inhibitor complexes 
and kaliikrein-C 1 inhibitor complexes per milliliter. 23 The radioim- 
munoassays for these CI -inhibitor complexes can detect the activa- 
tion of 0.05 percent of plasma factor XII or prduUlikran. 2 * All 
samples obtained for measurement of the activation of the common 
iand intrinsic pathway of coagulation were assayed in one to four 
runs. Each, run contained both samples from the subjects given 
. saline and samples from subjects given tumor necrosis factor, and 
care was taken that all the samples from one subject were assayed in 
the same run The interassay coefficients of variation of the; assays 
used were as ollows: factor IX activation peptide, 12 percent* 1 ; 
factor X activation peptide, 12 percent 22 ; F, +t , 8 percent 19 ; factor 
XII and prekallikxc^ <I0 percent 25 ; factor XHa-Cl inhibitor 
complexes and kaiUkrein-Cl inhibitor complexes, <9 percent 9 ; 
and fibrinogen, <9 percent. 26 
Platelet counts' were determined with the use of a flow cytometer -* 
. (Technicon HI system, Technicon Instruments, Tarrytown, N;Y.). , 
, Serum levels of tumor necrosis factor were determined by immuno- 
radiometric assay (Medgenix, Fleurus, Belgium). Polypropylene 
tubes were coated with a combination of monoclonal antibodies to * 
; recombinMt]mmor. necrosis factor that recognize distinct epitopes \ 
U of, tumor necrosis factor. These tubes were mcubated overnight with ,7^ 
v a mixture of the sample to be tested and ahti^mor-necrosis^^r 1 f 
antibody labeled with icduie- 125: After de^ 
fraction was counted in a gamma counter, and me level of turnor 
-.^necrosis factor; was expressed in ptcograms per millihter in relation 
• to a standard binding curve for recombinant hurrian hi^ 

...factor.^^' ;f v; v ' •.. '. 'ffi 6 ?^ 

Statistical AnaiyTSla }■■- ■ > ^S r - -^H 

■ Values are given as means ±SEM. Differences in results between 
the tumor, necrosis, factor and .saline experiments were tested 
by analysis of .variance and Student's paired t-test, as indicat- 
ed. A P value <0.05 was considered to represent a significant dif- 
ference. . ** ^ .'. . * ,,\ ; . '.■ 

Results 

Clinical Features 

Tumor necrosis factor induced severe headache and 
nausea in all subjects, accompanied by vomiting in 
three subjects. The symptoms started as early as 10 
minutes after the injection and lasted several hours. 
No significant changes in hemodynamic indexes were 
observed, and all subjects had recovered fully by the 
end of the experiment. Each subject had a rise in body 
temperature, preceded by chills. Peak temperatures 
(38.7±0.2°C) were reached after three hours. N ne of 
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these changes were n ted during the control period, in 
which saline was administered. 

Common Pathway of Coagulation 

The activ ation of the common pathway of coagula- 
tion was monitored by the determination of plasma 
levels of factor X activation peptide, the prothrombin 
fragment F| +s ,..^'fibrino^. The base-line values 
for these indexes of coagulation activation were simi- 
lar in both study periods. The plasma levels of factor 
X activation peptide and F, +2 remained unchanged 
during the control period. As compared with saline, 
tumor necrosis factor induced an early and transient 
increase in plasma concentrations of factor X activa- 
tion peptide (P = 0.015 by analysis of variance; Fig. 
1). Maximal plasma levels of factor X activation pep- 
tide were reached 30 to 45 minutes after the injection 
of tumor necrosis factor (from 67.6±8. 1 pmol per liter 
at base line to 86.6±9.1 pmol per liter at 45 minutes; 
mean increase, 34.2±18.2 percent). The administra- 
tion of. tumor necrosis factor was also associated with 
a significant: increase in levels of F l+2 , as compared 
with saline (P<0i0001 by analysis of variance) (Fig. 
1). This more gradual increase became apparent after 
one hour. Peak plasma levels of F !+2 were observed 
R after four to five hours (from 1.14±0.30 nmol per liter 
at base line to 3.66±0.77 nmol per liter at five hours; 
mean increase, 348.0± 144.8 percent). Thereafter, the 
plasma levels of F l+2 decreased gradually but were 
still elevated 6 to 12 hours after the injection of tumor 
. necrosis factor. The plasma concentrations of fibrino- 
. gen did not change after the injection of either tumor 
necrosis factor or saline (data not shown). 

^hrtrtnate Pathway ol 

-7 If |jwng the entii^ observation perirf circulat- V 
; ing 1^ andv / 

l&Uikftin^l inhibitor complexes, both of which re-; 
Iftect&c^^ the|:V 
plasma values of factor XII ami zy-^ 
rnogen proteins of tie contact system, remained with- 1 
* in the normal range after the administration of both 
. tumor necrosis factor and saline! Tn addition, during 
the 12 hours of the study, plasma levels of factor IX 
activation peptide, a measure of in vivo activation of 
factor IX, were not significantly affected by tumor 
necrosis factor as compared with saline. 

Table 1 shows the results for the indexes of intrin- 
sic-pathway activation during the first 45 minutes 
after the administ rfeion of tumor necrosis factor, in 
which factor X activation was maximal. 

P latalat Counts 

The platelet counts showed no significant changes 
after the injection of either tumor necrosis factor or 
saline (data not shown). 

Serum Levels of Tumor Necrosis Factor 

Tumor necrosis factor was not detectable in serum 
obtained before th injections of tumor necrosis fac- 




0 * 2 ..,.4 .. 6 V ; 12 



. Ttme(hr) 

Figure 1. Mean (±SEM) Plasma Levels of Factor. X Activation 
Peptide and the Prothrombin FtagrnemF l+2 arid Serum Levels of 
Tumor Necrosis Factor after Intravenous Bolus Injections of Re- 
combinant Human Tumor Necrosis Factor (50 jig per Square 
Meter Solid Circles) or an Equivalent Volume of Isotonic Saline 
(Open Circles). 

Asterisks indicate statistical significance tor the comparison of 
tumor necrosis factor with saline (P<0.05 by Students paired 
t-iGst). ^ cirrjJstiPs *tH«or !*er™** factor was d e tected in the 
control period. 

tor or saline or in the serum samples collected during 
the control period. After the injection of tumor necro- 
sis factor, the highest serum level of this factor was 
measured in the first blood sample, taken after five 
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Table 1 . Indexes of Activation of the Intrinsic Pathway of Coagulation during the First 
45 Minutes after the Administration of Recombinant Human Tumor Necrosis Factor.* 



Minutes after 
Injection 


Facto* XII 


Facto»X11>- 

Cl iNHtBTTOt 

Complexes 


PttEKAlXtXtEIN 


KaLLUULEIN- 

CI Inhibitor 
Complexes 


Facto* IX 
Activation 
Pepttoe 




Ulmi 


mU/ml 


Utmi 


mUtml 


pmoUtittr 


0 


0.89±0.08 


13±2 


0.72±0.04 


73±10 


236.5±47.l 


IS 


0.91 ±0.09 


I5±2 


0.72+0.06 


83 ±15 


207.9±42.2 


30 


O.93±0.10 


12±2 


0.72±0.05 


73±I2 


212.8±40.l 


45 


0.87±0.I0 


14±3 


0.74±0.06 


88±17 


236.9±50.5 



•Values <re mems ±SEM. 

minutes (4261 ±785 pg per milliliter). Thereafter, se- 
rum levels of tumor necrosis factor decreased rapidly 
(Fig. 1). 

Discussion 

Tumor necrosis factor is a polypeptide hormone 
with a wide range of biologic activities. Its role as a 
crucial mediator of septic shock has been well estab- 
lished. Several studies suggest that tumor necrosis 
factor may also be implicated in the induction of co- 
agulation activation seen in septicemia. The recent 
development of a unique set of highly sensitive and 
specific radioimmunoassays that, monitor the transi- 
tions of coagulation-system zymogens to serine pro- 
teinases allowed us to study the dynamics of the in 
vivo procoagulant effect of low-dose tumor necrosis 
factor (50 fig per square meter) at the subclinical lev- 
el. It was demonstrated that a single intravenous bolus 
injection of recombinant tumor necrosis factor in- 
duced a rapid activation of the common pathway of 
the coagulation system in healthy subjects, as indicat- 
ed by a brief increase in plasma leyels~bf factor X 
activation peptide, peaking "after' 30^45 minutes, 
-followed by a gradual increase in the plasma levels of 
the prothrombin fragment F, +2 , which remained ele- 
vated for 6 to 12 hours; ;"'■* '.' 
■ Factor X activation peptide is libcratecl from factor" 
vX during the proteolytic cleavage of this zymogen by 
factor IXa or the factor Vila-tissue factor complex, 22 
representing activation by the intrinsic and extrinsic 
routes, respectively. The F, +2 fragment is released 
from, prothrombin during its conversion to throm- 
bin. 23 * 4 Therefore, these peptides directly monitor the 
in vivo activation of factor X and prothrombin. Since 
tumor necrosis factor does not affect the metabolic 
behavior of F I+2 , 19 the elevation in the level of this 
fragment must have resulted from the excessive activi- 
ty of factor Xa on prothrombin. Although the influ- 
ence of tumor necrosis factor on the turnover of factor 
X activation peptide has not h*?n ey?_™" np d- >t is like- 
ly that the increase in this activation peptide was also 
caused by enhanced production. 

Historically, common-pathway activation is sup- 
posed to proceed by either the intrinsic or extrinsic 
route. The intrinsic route is initiated by the activation 
of the contact system, during which the zymogens fac- 
tor XII and prekallikrein are converted to factor Xlla 



and kallikrein, respectively. 27 These 
enzymes are rapidly inactivated by 
circulating proteinase inhibitors, of 
which CI inhibitor is the most im- 
portant. In patients with sepsis, de- 
creased plasma levds of factor XII 
and prekaUikreiri 2 ^ 2 * and increased 
levels of factor Xlla^l inhibitor 
complexes andk^ilurc^ inhib- 
itor complexes 23 have been report- 
ed, and they are interpreted to in- 
dicate contact activation. In the 
present study, the plasma levels of 
these zymogens and proteinase-inhibitor complexes 
remained within the normal range after the injection 
of tumor necrosis factor, indicating that the contact 
system was not stimulated. The absence of intrinsic- 
route activation was further supported by the observa- 
tion that the plasma levels of factor IX activation pep- 
tide, a fragment formed during the conversion of 
factor IX to factor IXa and thus indicative of in vivo 
activation of factor IX, 21 were not significanUy affect- 
ed by the administration of tumor necrosis^ factor; The 
noninvolvement of the contact system in fte activa- 
tion of coagulation after the low-dose injection of tu- 
mor neci .'sis factor may indicate that although there is 
evidence that the contact system is activated in the 
course of septicemia, it is not required for the initi- 
ation of the coagulative response. 

Since the intrinsic pathway was not activated in our 
experiment, the generation of factor Xa that we ob- 
served must have been the result of activation of the 
extrinsic route or alternative pathways. The extrinsic 
route is initiated by the expression of tissue-factor ac- 
tivity. Evidence for the in vivo induction ^ 
; sic route in septicemia has been' provided lay HtWob^ 
seiVatioV'of 1 increased tissue-factor "actiwr^ln^the - 
monocytes of patients with meningcn^ccal infection. 28 
* Under jn* ^tro condiubhs- tumor necrosis factor can ■ 
: stimulate the synthesis of tissue factor in endothelial 
and mononuclear cells, but this effect becomes appar- 
ent only after several hours. 11 * 13,29 However; recent im- 
munohistochemical studies have detected substantial 
expression of tissue factor in the vascular tunica 
adventitia, which is anatomically sequestered from 
blood. 30 The rapid generation of factor Xa observed in 
our study may have been the result of the exposure 
of this subendothelial tissue factor to plasma pro- 
teins, facilitated by increased vascular permeability 
induced by tumor necrosis factor. 31,32 The activation 
of the common pathway, however, could be the result 
of direct proteolytic cleavage of factor X by an 
alternative mechanism. It has been demonstrated that 
factor X can be rapidly bound to the adhesive recep- 
tor Mac-1 (a component of the GDI 1/18 complex) 
on stimulated monocytes and subsequently activat- 
ed. 33 Tumor necrosis fact r elicits the express! n 
of the GDI 1/18 complex, 34 but whether this enables 
factor X to be activated is currently unknown. 
Peak plasma levels of F l+2 were reached tw to five 
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hours after the maximal plasma concentrations of fac- 
t r X activation peptide, indicating a delay between 
the maximal activati n of fact r X and that of pro- 
thrombin. Given that the plasma half-lives of factor X 
activation peptide and F,+ 2 are relatively short (15 and 
90 minutes, respectively^), our results indicate that 
the activation of prothrombin continued, even though 
the generation of factor Xa had already returned 
to the levels observed before the administration of tu- 
mor necrosis factor. Since the injected tumor necrosis 
factor was cleared from the circulation rapidly (Fig. 1 ) 
and no activation of the intrinsic route was observed 
throughput the experiment, the sustained activation 
of prothrombin must have resulted from the early acti- 
vation of factor X. Apparently, the activity of factor 
Xa was neutralized only slowly — an observation that 
challenges our current understanding of the inhibitory 
regulation of coagulation proteinases in vivo and that 
may be. relevant to the pathophysiologic features of 
thrombotic diseases. In particular, the repeated or 
prolonged release of tumor necrosis factor into the 
circulation, as has been observed in patients with sep- 
sis, may exert a cumulative effc^ 
state. The previous report that factor Xa sequestered 
on the surface of a platelet or phospholipid in vitro 
cannot be inhibited by the antithrorabin III-heparin 
complex 36 may explain this continuing formation of 
thrombin in the presence of the natural anticoagulant 
mechanisms. 

Thrombocytopenia is a major feature of disseminat- 
ed intravascular coagulation, believed to result from 
the increased consumption of platelets. 1 In patients 
with cancer, a decline in platelet counts has been re- 
; ported after the systemic administration of tumor ne- 
* crosis factor: 19 ' 37,38 In contrast, we did not find signifi- 
cant changes in platelet counts after the injection of 
tumor necrosis factor. The reasons for this discrepant 
cy are currently unknown, but they may be related to 
differences in the duration of the infusion of tumor 
1 necrosis factor or ih the doses used, or to an altered 
susceptibility to tumor necrosis factor in patients with 
cancer.' ■ - J • - ;** 

This controlled study clearly shows that low-dose 
tumor necrosis factor induces a subclinical activation 
of the coagulation system, supporting the hypothesis 
that tumor necrosis factor is involved in the patho- 
genesis of hemostatic disorders associated with sepsis. 
Knowledge of the mechanisms responsible for the on- 
set and maintenance of this activation may lead to the 
development of effective strategies for the treatment of 
patients with disseminated intravascular coagulation 
and multiple organ failure. 

We arc indebted to Dr. Auguste Stark, Rita van wesep, Wii 
Morrien, Marianne van 't Hullenaar, Marianne Schaap, Arie Prins, 
Han Levels, and the other members of the staff of the coagula- 
tion laboratory for their excellent technical support; to Dr. Frans 
Hoek for the determination of serum co n cen tr ations of tumor 
necrosis factor; to Marieke Kat for assistance in the preparation 
of the manuscript; and to Gerdie Wentink for preparing the illus- 
tration. 
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Abstract A number of treatments are widely prescribed 
for chronic back pain, but few have been rigorously evalu- 
ated. We examined the effectiveness of transcutaneous 
electrical nerve stimulation (TENS), a program of stretch- 
ing exercises, or a; combination of both for low back pain. 
Patients with chronic low back pain (median duration, 4.1 
years) were randomly assigned to receive daily treatment 
with TENS (n = 36), sham TENS (n =;36) f TENS plus a 
program of exercises (n = 37), or sham TENS plus exer- 
cises (n = 36). i : 

After one month no clinically or statistically significant 
treatment effect of TENS was fourkJ on any of 11 indica- 
tors of outcome measuring pain^ function, and bade 
I flexion; there was no interactive effect « of TENS with 
exercise. Overall improvement in pain indicators was : 
47 percent with TENS and 42 j^raritwitH Isham TTENS 
; (P not significant). The 95 percent .confidence inter- 

^-^.vV > r - ■■■ • < ■ ■ \~ ' 

IN the United States low back pain, 1 often of'a chron- 
ic nature! results in expenditures of $13 billion a 
year for medical care. M A number of simultaneous 
treatments are usually advocated for patients with 
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vals for group differences excluded a major dinical benefit 
of TENS for most outcomes. By contrast after one 
month patient in the exercise grour^ had sigrhlk^ im- 
provement in self-rated pain scores, reduction in ^ fre- 
quency of pain, and greater levels of activity 
with patients in the groups that did rwt exen^. the 
mean reported improvement in pain scores w^ 52 per- 
cent in the exercise groups and 37 percent* in p the 
nonexercise groups (P = 0.02). Two months after the 
active intervention, however, most patients had dis- 
continued the exercises, and the initial improvements 
were gone. ■ • ^ -:- : ^V?^V^ ' 

We conclude that for patients with ttuti^ 
pain, treatment with TENS is no more effective than tr^t- 
ment with a placebo, and TENS ^ 
fit to that of exercise aione. (N Engl J Med 1 990; 322: 



-chronic pain,^ but few of these treatments have ever 
been subjected to rigorous clinical evaluation;' w ' \ '* 

Transcutaneous electrical nerve stimulation 
(TENS) is widely used in the management of chronic 
pain.? The use of conventional (high-frequency) 
TENS was originally based on the gate-control theory 
of pain, 6 which suggested that counterstimulation of 
the nervous system could modify the perception of 
pain. Later studies suggested that with low-frequency, 
high-amplitude ("acupuncture-like") stimulation, 
TENS could also raise endorphin levels in the spinal 
fluid. 7 Nationwide data on the use of TENS are un- 
available, but in 1986 the Veterans Administration 
spent nearly $2 million on TENS units, and the labor 
costs for personnel to operate the device are high. 
TENS units are approved f r payment by most third- 
party payers, including Medicare. 

Despite its wide use and theoretical rationale, there 
is meager evidence from controlled clinical trials of the 



STIC-ILL 




From . Canella, Karen /^H<^ 

cent- " Monday, August 04, 2003 7: 1 5 PM 

To- ' STIC-ILL 

Subject: ill order 08/602,272 

Art Unit 1642 Location 8E12(mail) 
Telephone Number 308-8362 
Application Number 08/602,272 

I . American Journal of Cardiology, 1 991 , 68(7):B36-B50 
2 Angiology. 1994, 45(12):1015-1022 

3. Journal of Cardiovascular Pharmacology, 1994 Jan, 23(1 ):1-6 

4. Inflammation Research, 1996 Jan, 45(1):14-19 

5. American Heart Journal, 1 995 Aug, 1 30(2):204-21 1 

6. European Heart Journal, 1995, vol. 16, Abstract Suppl., page 42. 

7. Journal of clinical Investigation, Apr 1993, 91(4):1721-1730 

8. Italian Journal of Surgical Sciences, 1983, 13(3):197-201 

9. Postgrad Med, 1976 Aug, 60(2):65-69 

10. Lancet. 27 Nov 1976, 2(7996):1 161-1164 

I I . JAMA, A3 Dec 1 976.236124) 



^IZ* European Journal of Pharmacology, 24 Jun 1993, 237 (2-3):223-230 ^J^> 



13. Semin Interv Cardiol 2000 Sep, 5(3):109-1 15 

.14. Hosp Med, 2000 SEp, 61(9):628-636 

15. Nephron, 1993, 63(3):273-278 

16. Kidney Int, 1992 nov, 42(5):1 124-1 129 

17 Cardiologia, 1993 Jan, 38(1):45-51 

18 Ann Med. 2000 Nov. 32(8):561-567 

19 Hybndoma. 1994 Jun, 13(3): 183-1 90 

20. Journal of Molecular Biology, 1994, vol. 235(1 ):53-60 

21. PNAS. 1986, Vol. 83, pp. 4533-4537 

22 Journal of Experimental Medicine: 

1987, Vol. 166, pp. 1390-1404 
1986, Vol. 163, pp. 740-745 



26. IN tzny j ivicO: 

1990, Vol. 322, pp. 1622-1627 
1987, Vol. 316, pp. 379-385 

24. Throb Haemost, 1987, Vol. 57, pp. 176-182 
Thanks! 



l 



ADONIS - Electronic Journal Services 



Requested by 
Adonis 



Article title 


Tumor necrosis factor involvement in myocardial ischaemia-reperfusion injury 


Article identifier 


001429999300453Z 


Authors 


Squadrito_F Altavilla_D ZingarellLB loculano_M Calapai_G Campo_G_M Miceli A 




Caputi_A_P 


Journal title 


European Journal of Pharmacology 


ISSN 


0014-2999 


Publisher 


Elsevier Netherlands 


Year of publication 


1993 


Volume 


237 


Issue 


2-3 


Supplement 


0 


Page range 


223-230 


Number of pages 


8 


User name 


Adonis 


Cost centre 


Development 


PCC 


$20.00 


Date and time 


Tuesday, August 05, 2003 4:03:55 PM 



Copyright© 1991-1999 ADONIS and/or licensors. 



The use of this system and its contents is restricted to the terms and conditions laid down in the Journal Delivery and User Agreement. 
Whilst the information contained on each CD-ROM has been obtained from sources believed to be reliable, no liability shall attach to 
ADONIS or the publisher in respect of any of its contents or in respect of any use of the system. 



18069302 



European Journal of Pharmacology, 237 (1993) 223-230 223 
© 1993 Elsevier Science Publishers B/V\ All rights reserved 0014-2999/93/S06.00 



EJP 53122 



Tumor necrosis factor involvement in myocardial 
ischaemia-reperfusion injury 

Francesco Squadrito, Domenica Altavilla a , Basilia Zingarelli, Mariap&trizia Ioculano, 
Gioacchino Calapai, Giuseppe M. Campo, Alfredo Miceli and Achille P. Caputi 

Institute of Pharmacology, School of Medicine and 9 Chair of Pharmacology, School of Biological Sciences, University of Messina, Italy 
Received 8 February 1993, revised MS received 19 March 1993, accepted 30 March 1993 



The role of tumor necrosis factor-a was investigated in an anaesthetized rat model of coronary artery ligation (60 min) and 
reperfusion (MI/R). Sham-occluded rats (sham MI/R) were used as controls. Survival rate, myocardial necrosis, myocardial 
myeloperoxidase activity, serum creatinine kinase activity and serum and macrophage tumor necrosis factors* were studied. 
Ischaemia-reperfusion injury significantly reduced survival rate (45%), produced marked myocardial injury, increased serum 
creatinine kinase activity and increased myocardial myeloperoxidase activity in the area-at-risk and in the necrotic area. Serum 
tumor necrosis factor** was undetectable during the occlusion period, but increased significantly upon release of the coronary 
artery. At the end of reperfusion, macrophage tumor necrosis factor-or was also increased. Passive immunization with a 
hyperimmune serum containing antibodies against murine tumor necrosis factor-a significantly increased survival rate (80%), 
lowered myocardial necrosis, reduced the increase in serum creatinine kinase activity and decreased myeloperoxidase activity in 
the area-at-risk and in the necrotic area. These data are consistent with an involvement of tumor necrosis factor-a in myocardial 
ischaemia-reperfusion injury. 



TNFa (tumor necrosis factor-a); Anti-tumor necrosis factor-a antibodies; Ischaemia-reperfusion injury 



1. Introduction 

Early reperfusion represents one of the most effec- 
tive means of reducing myocardial damage in acute 
myocardial infarction. However, even under these con- 
ditions there is often marked cardiac iryury (Lucchesi, 
1990). Various sources of experimental evidence sug- 
gest that leukocytes may have a pivotal role in the 
phenomenon of myocardial reperfusion injury (Luc- 
chesi, 1990; Dinerman and Mehta, 1990). During in- 
flammation and ischaemic states circulating leukocytes 
are localized along the vessel wall where they adhere 
to the endothelial cell, cross the endothelial barrier 
through interendothelial cell junctions and accumulate 
in subcellular regions (Butcher, 1990; Osborn, 1990). 
Leukocytes can cause irreversible changes (cell death) 
in myocytes by releasing damaging and harmful sub- 
stances such as oxygen free radicals (Downey, 1990), 
leukotrienes (Feuerstein, 1984), thromboxane A 2 (Lefer 
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and Darius, 1987), platelet activating factor (Bracquet 
et al., 1987) and cytokines (Vane et al., 1990). 

Endothelial cells, therefore, play an important role 
in the inflammatory and ischaemic response. In fact, 
they undergo significant functional changes that in- 
crease leukocyte adhesiveness to the endothelium. 
These include expression of adhesion molecules such 
as intercellular adhesion molecule-1 (ICAM-1) and en- 
dothelial leukocyte adhesion molecule-1 (ELAM-1), 
thus leading to the binding and extravasation of leuko- 
cytes, as well as to the release of soluble mediators 
(Harlan, 1987; Ziff, 1989). Many of these changes can 
be imitated in vitro by the addition of recombinant 
tumor necrosis factor-a to endothelial cell monolayers 
(Pober and Cotran, 1990; Mantovani and Dejana, 1989). 
In addition, local injection of tumor necrosis factor-a 
results in a rapid recruitment ul leukocytes from the 
blood and this cytokine can be detected at sites of 
inflammatory lesions (Munro et al., 1989). Furthermore 
tumor necrosis factor-a causes endothelial dysfunction 
and a reduced formation and release of endothelial-de- 
pendent relaxing factor (EDRF) (Aoky et al., 1989). 
These studies predict an important role for such a 
cytokine in controlling the phenotype and function of 
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endothelial and other inflammatory cells during in- 
flammation and reperfusion injury . 

In keeping with this hypothesis, it has been shown 
that tumor necrosis factor-a, apart from its role in 
endotoxin shock (Beutler and Cerami, 1987a), may also 
be an important mediator of non-septic ischaemic 
states. Evidence suggests that this cytokine is involved 
in bowel ischaemia-reperfusion iiyury (Squadrito et al, 
1992) and in hepatic ischaemia-reperfusion iiyury (Col- 
letti et al., 1990) and recently we have shown that 
tumor necrosis factor-a is present in the bloodstream 
of rats subjected to myocardial ischaemia-reperfusion 
injury (Caputi and Squadrito, 1992). 

We therefore studied whether passive immunization 
with specific antibodies raised against murine tumor 
necrosis factor-a can protect against myocardial is- 
chaemia-reperfusion iiyury. 



2. Materials and methods 

2.7. Ischaemia-reperfusion injury 

Male normotensive Sprague-Dawley rats (Charles 
River, Italy) weighing 250-375 g were used. The ani- 
mals were anaesthetized with sodium pentobarbitone 
(50 mg/kg i.p.) and the level of anaesthesia was main- 
tained throughout the experiment by giving additional 
doses of the anaesthetic. A catheter (PE 50) was in- 
serted into the common carotid artery to measure 
blood pressure and heart rate directly, as reported 
previously (Caputi et al., 1980). The jugular vein was 
also cannulated for drug or saline administration. The 
animals were instrumented for ECG lead II recordings. 
The trachea was cannulated and artificial respiration 
with room air was started at a frequency of 60 
strokes/min with a tidal volume of 1 ml/100 g. The 
technique to produce myocardial ischaemia-reperfu- 
sion injury is similar to that described previously (Petty 
et al., 1991). An incision was made on the left side of 
the chest and the fourth intercostal space was exposed. 
Sutures were placed through the overlapping skin and 
muscles to permit rapid closure of the chest wall after 
the surgical procedures. The chest was then opened 
and the ribs were gently spread. The heart was quickly 
removed from the thoracic cavity, inverted, and a 4.0 
silk ligature was placed under the left main coronary 
artery. The ligature was then either occluded for a 
period of 1 h, followed by 60 min of reperfusion 
(MI/R rats), or removed (sham MI/R rats). The heart 
was returned quickly to the thoracic cavity and the 
incision was closed by tying the previously placed su- 
tures. Animals were iiyected i.v. with specific anti- 
tumor necrosis factor-a antibodies (2 mg/kg i.v.) dis- 
solved in 0.3 ml of a phosphate-buffered solution at pH 



7.4; control rats received a non-immune serum dis- 
solved in the carrier vehicle 3 h before occlusion. 

2.2. Myocardial tissue analysis 

Myocardial injury was determined by the triphenyl 
tetrazolium chloride-Evans blue technique (Flameng et 
al., 1986). At the end of the 2 h experimental period 
the ligature around the left main coronary artery was 
tightened again; 2 ml of 5% Evans blue dye was 
injected into the jugular vein to stain the area of the 
myocardium perfused by the patent coronary arteries. 
The area-at-risk was therefore determined by negative 
staining. The atria, right ventricle and m^jor blood 
vessels were subsequently removed from the heart. The 
left ventricle was then sliced into 3-mm-thick sections 
parallel to the atrioventricular groove. The unstained 
portion of the myocardium (Le. the area-at-risk) was 
separated from the stained portion (i.e. the area-not- 
at-risk). The unstained portion was again sliced into 
1-mm-thick sections and incubated in a 0.1% solution 
of nitroblue tetrazolium stain in phosphate buffer at 
pH 7.4 at 37°C for 15 min to, detect the presence of 
coenzyme and dehydrogenase. The necrotic portion of 
the myocardium, which did not stain, was separated 
from the stained portion (i.e. the non-necrotic area-at- 
risk). Samples from all three portions of left ventricular 
cardiac tissue (i.e. non-ischaemic, ischaemic non- 
necrotic, ischaemic-necrotic) were weighed and stored 
at -70°C for subsequent assay of myeloperoxidase 
activity. 

2.3. Creatinine kinase activity 

At the end of the reperfusion period, blood was 
collected in polyethylene tubes. Samples were cen- 
trifuged at 2400 X g and 4°C for 15 min and the serum 
was removed for biochemical analysis. Creatinine ki- 
nase activity was measured using a previously described 
method (Rosalki, 1967). 

2.4. Myeloperoxidase activity 

The usefulness of measuring myeloperoxidase activ- 
ity to assess leukocyte infiltration has been reported 
previously (Mullane et al., 1985; Lefer et al., 1991) and 
validated recently for rat cardiac tissue (Griswold et 
al., 1988). Briefly, myeloperoxidase activity was deter- 
mined in all three portions of left ventricular cardiac 
tissue G.e. non-ischaemic, ischaemic non-necrotic and 
ischaemic-necrotic) obtained, as described above, after 
the end of the reperfusion period, thereby permitting 
the simultaneous assessment of leukocyte infiltration 
and myocardial iiyury. The samples were first homoge- 
nized in a solution containing 20 mM of potassium 
phosphate buffer (pH 7.4), 0.01 M EDTA, 50 U/ml of 
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a protease inhibitor (aprotinine) in proportions of 1 : 10 
(w;v) and then centrifuged for 30 min at 20000 Xg at 
4°C The supernatants of each sample were then dis- 
carded and the pellet was immediately frozen on dry 
ice. Samples were frozen for one night before they 
were sonicated. After the samples had thawed, they 
were added to a buffer solution consisting of 0.5% 
hexacyltrimethylammonium bromide (Sigma Chemical 
Co., St. Louis, MO, U.S-A,) dissolved in 50 mM potas- 
sium phosphate buffer (pH 6) containing 30 U/ml of 
protease inhibitor. Each sample was then sonicated for 
1 min at intensity 2 and at a temperature of 4°C. After 
sonication the samples were allowed to cool on ice for 
approximately 30 min, and then centrifuged for 30 min 
at 40000 X g at 4°C. An aliquot of the supernatant was 
incubated with 0.167 mg/ml O-dianisidine dihydro- 
chloride (Sigma Chemical Co.) and 0.0010% H 2 0 2 , 
and the rate of change in absorbance was measured at 
405 nm in a Micro-ELISA instrument. Myeloperoxi- 
dase activity is defined as the quantity of enzyme 
degrading 1 /*mol of peroxide/min at 25°C and is 
expressed in units per gram weight (U X 10" 3 ) of tis- 
sue. 

2.5. Assay for tumor necrosis factor-a activity 

Blood samples were taken before occlusion, at the 
end of the occlusion period, at the start of reperfusion 
and 30 and 60 min after the start of reperfusion. 
Furthermore, at the end of reperfusion peritoneal 
macrophages were collected as described before by 
Altavilla et al. (1989). Killing of L929 mouse tumor 
cells was used to measure tumor necrosis factor-a in 
serum and in peritoneal macrophage supernatants on 
the basis of a standard assay (Altavilla et al,, 1989). 
L929 cells in RPMI 1640 medium containing 5% foetal 
calf serum were seeded at 3 X 10 4 per well in 96-well 
microdilution plates and incubated overnight in an 
atmosphere of 5% of C0 2 in air. Briefly, peritoneal 
cells were diluted to 10 6 /ml, plated on 35-mm-diame- 
ter plastic Petri dishes and allowed to adhere for 1 h at 
37°C in a 5% C0 2 atmosphere. Dishes were carefully 
washed in order to eliminate non-adherent cells. Ad- 
herent cells were then incubated with RPMI for 2 h at 
37°C in 5% C0 2 ; afterwards supernatants were col- 
lected. Serial 1:2 dilutions of serum and supernatants 
of peritoneal macrophages, were made up in the above 
medium containing 1.0 /tig of actinomycin D per ml, 
and 100 fil volumes of each dilution were added to the 
wells. The next day, cell survival was assessed by fixing 
and staining the cells with crystal violet (0.2% in 20% 
methanol) and 0.1 ml of 1% sodium dodecyl sulphate 
was added to each well to solubilize the stained cells. 
The absorbance of each well was read at 490 nm with a 
model BT-100 Microelisa Autoreader. The percentage 
of cytotoxicity was calculated as 1 - [(A490 of 
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sample/A490 of control)] X 100. One tumor necrosis 
factor-a unit is defined as the amount of tumor necro- 
sis factor-a giving 50% cytotoxicity. The tumor necrosis 
factor-a content in the samples was calculated by com- 
parison with a calibration curve made with recombi- 
nant murine tumor necrosis factor-a (Nuclear Laser 
Medicine, Milan, Italy). To verify if the cytotoxicity 
tested was due to tumor necrosis factor-a or to other 
factors), we preincubated our samples for 2 h at 37°C 
with an excess of rabbit anti-recombinant murine tu'- 
mor necrosis factor-a polyclonal antibodies (Nuclear 
Laser Medicine, Milan, Italy) or with control rabbit 
serum. Our results showed that cytotoxicity against 
L929 cells was completely neutralized by the rabbit 
anti-recombinant tumor necrosis factor-a polyclonal 
antibodies but not by the control rabbit serum. 

2.6. Cardiovascular measurements 

Mean arterial blood pressure (MAP) and heart rate 
(HR) were monitored throughout the experiment. The 
pressure rate index was calculated as the product of 
MAP and HR (Gobel et al., 1978) and is reported as 
mm Hg/beats per min X 10 " 3 . 

2.7. Drug 

A highly specific polyclonal rabbit antiserum di- 
rected against murine tumor necrosis factor-a and con- 
taining 10 6 neutralizing units/mg was purchased from 
Nuclear Laser Medicine, Milan, Italy. This antiserum 
did not react with tumor necrosis factor-/? or other 
factors. Control rats were iiyected with a non-immune 
rabbit serum dissolved in the carrier vehicle (0.3 ml of 
phosphate-buffered saline solution at pH 7.4), Neither 
the immune nor the non-immune serum contained 
endotoxin. 

Z8, Statistical analysis 

The difference between the means of two groups 
was evaluated with an ANOVA followed by Bonfer- 
roni's test and was considered significant when P < 0.05 
(Squadrito et al., 1992). For survival data, statistical 
analysis was done with Fisher's exact probability test. 



3. Results 

3.L Survival 

The survival rate decreased after coronary reperfu- 
sion. Figure 1 summarizes the survival of sham-oc- 
cluded or occluded and reperfused animals (sham 
MI/R or MI/R, respectively). There were 20 animals 
in each group. Hie survival rate at the end of reperfu- 
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OCCLUSION " REPERFUSION 

Fig. 1. Effects of passive immunization with specific antibodies 
against tumor necrosis factors on survival rate in rats subjected to 
myocardial ischaemia-reperfusion injury (MI/R). The antibodies (2 
mg/kg lv.) or a non-immune serum (0.3 ml/i.v. dissolved in a 
phosphate-buffered saline solution at pH 7.4) were injected 3 h 
before the coronary artery occlusion. * P< 0.001 vs. MI/R + non- 
immune serum. Sham MI/R + non-immune serum (•); sham MI/R 
+ antibodies (o); MI/R + non-immune serum (■); MI/R + 
antibodies (□). 



sion was 95% (19 survivors) in the sham MI/R animals 
given either with the carrier vehicle or antibodies. In 
contrast, the survival rate was significantly reduced 
(45%; nine survivors) in MI/R animals treated with 
the carrier vehicle. Passive immunization with specific 
antibodies raised against murine tumor necrosis factor- 
ed significantly enhanced the resistance of rats to my- 
ocardial ischaemia-reperfusion im'ury (survival = 80%; 
16 survivors). 

3.2. Myocardial necrosis 

. Myocardial necrosis was assessed by staining tech- 
niques to determine an anatomical index of the my- 
ocardial area jeopardized and that which became 
necrotic. The area-at-risk, localized by negative stain- 
ing following perfusions with Evan's blue stain, showed 
no significant differences between the different MI/R 
groups, thus indicating that a similar amount of tissue 
was jeopardized by occlusion of the left coronary artery 
in each Mi/R group (fig. 2). The necrotic area, which 
was measured by negative staining with nitroblue tera- 
zolium, showed that a relatively large amount of my- 
ocardial tissue, expressed as a percentage of either the 
area-at-risk or of the total left ventricle, became 
necrotic (fig. 2; 61 ± 6 and 52 ± 3%, respectively). Pas- 
sive' immunization with specific antibodies raised 
against tumor necrosis factors reduced myocardial 




Fig. 2. Effects of anti-tumor necrosis factor-a antibodies (2 mg/kg 
i.v.) (■) or non-immune serum (0.3 ml Lv. dissolved in a phosphate- 
buffered saline solution at pH 7.4) (□) on the area-at-risk indexed to 
total ventricle (area-at-risk/total left ventricle X 100) and necrotic 
area indexed to area-at-risk (necrotic area/area-at-risk X 100) and to 
total left ventricle (necrotic area/total left ventricle x 100) as a 
percentage of wet weight. Bar heights represent mean±S.D. of six 
experiments. * P < 0.001 vs. MI/R + non-immune serum. 

necrosis (necrotic area/area-at-risk 24 ± 3%; necrotic 
area/total area = 11 ± 4%). 

3J. Serum creatinine kinase activity 

Serum creatinine kinase activity was evaluated at 
the end of reperfusion. In untreated MI/R rats serum 
creatinine, kinase activity was significantly increased 
when compared to sham MI/R rats (fig. 3). The ad- 
ministration of anti-tumor necrosis factor-a antibodies 
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Fig. 3. Serum creatinine kinase activity (CK) at the end of reperfu- 
sion in the four groups. Bar heights represent mean±S.D from six 
experiments. * P < 0.001 vs. MI/R + non-immune serum. First ban 
sham MI/R + non-immune serum; second bar: sham MI/R+ 
antibodies; third ban MI/R + non-immune serum; fourth bar MI/R 
+ antibodies.- 
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Fig. 4. Effects of anti-tumor necrosis factors antibodies (■) or 
non-immune serum (□) on myeloperoxidase activity in the area-not- 
at risk, area-at-risk and area of necrosis of rats subjected to myocar- 
dial ischaemia-reperfusion (MI/R) injury. Anti-tumor necrosis fac- 
tor-of antibodies (2 mg/kg i.v.) or non-immune serum (0.3 ml dis- 
solved in a phosphate-buffered saline solution at pH 7.4) were 
administered 3 h before coronary artery occlusion. Bar heights 
represent the means ±S.D. from six experiments. * P< 0.001 vs. 
Ml/R+vehicle. 

resulted in lower serum levels of creatinine kinase, 
thus confirming that passive immunization exerted car- 
dioprotective effects (fig. 3). 

3.4. Myeloperoxidase activity 

To quantify the leukocyte response to reperfusion 
injury, the accumulation of leukocytes was assessed by 
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TABLE 1 

Tumor necrosis factor** levels in macrophages of rats subjected t 
myocardial ischaemia-reperfusion (MI/R) injury. 

Each point represents the mean±S.D. from six experiments. . 
Macrophages were collected after 60 min of reperfusion. N.D. - not 
detectable. 



Treatment 


Macrophages tumor necrosis factor-a 




(U/ml) 


Sham MI/R 


N.D. 


MI/R 


145 ±12 



measuring myeloperoxidase activity (myeloperoxidase) 
in the three portions of the left ventricle. In the area 
not-at-risk, myeloperoxidase activity was 1.1 ± 0.5 U X 
10" 3 /g tissue in untreated MI/R rats and 1.2 ± 0.2 
U X 10~ 3 /g tissue in MI/R rats pretreated with the 
specific anti-tumor necrosis factor-a antibodies (fig. 4) f 
In contrast, myeloperoxidase activity was significantly 
increased in the area-at-risk and in the necrotic area of 
untreated MI/R rats (6.4 ± 0.6 U X 10" 3 /g tissue and 
6.7 ±0.8 Ux 10~ 3 /8 tissue, respectively). Passive im- 
munization with anti-tumor necrosis factor-a antibod- 
ies significantly reduced the increase in myocardial 
myeloperoxidase activity in both the area-at-risk and 
the necrotic area (2.5 ±0.3 Uxl0" 3 /g tissue and 
2.7 ± 0.5 U X 10~ 3 /g tissue, respectively). 

3.5. Macrophage and serum tumor necrosis factor-a 

Serum and macrophage tumor necrosis factor-a lev- 
els were undetectable in sham MI/R animals and 
during the occlusion period in MI/R rats treated with 
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Minutes after the release of the occlusion 
Fig. 5. Time course of tumor necrosis factor-a appearance in the 
serum of rats subjected to myocardial ischaemia-reperfusion injury 
(MI/R) and pretreated 3 h before coronary artery occlusion with 
specific antibodies against tumor necrosis factor-a (2 mg/kg i.v.) (■) 
or a non-immune serum (03 ml i.v. dissolved in a phosphate-buffered 
saline solution) (□). * P < 0.001 vs. non-immune serum. 




Fig. 6. Pressure rate index in the four experimental groups. The 
antibodies (2 mg/kg i.v.) or a non-immune serum (03 ml/Lv. dis- 
solved in a phosphate-buffered saline solution at pH 7.4) were 
injected 3 h before the coronary artery occlusion. * P < 0.001 vs. 
MI/R + non-immune serum. First bar: sham MI/R + non-immune 
serum; second bar: sham MI/R + antibodies; third bar MI/R + non- 
immune serum; fourth bar: MI/R + antibodies. 
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either the non-immune serum or the specific anti-tumor 
necrosis factor-a antibodies (results not shown). In rats 
subjected to myocardial occlusion and reperfusion, 
serum tumor necrosis factor-a progressively increased 
following the start of reperfusion and reached the 
maximum increase 60 min after release of the coronary 
artery (fig. 5). At the end of reperfusion, tumor necro- 
sis factor-a was also significantly increased in the su- 
pernatants of peritoneal macrophages collected from 
MI/R rats (table 1). Passive immunization with a hy- 
perimmune serum containing anti-tumor necrosis fac- 
tor-a antibodies significantly neutralized tumor necro- 
sis factors* in the serum (fig. 5). 

3.6. Cardiovascular measurements 

The pressure rate index was comparable for the four 
groups prior to coronaiy artery ligation and decreased 
to a similar extent following thoracotomy (results not 
shown). At the end of reperfusion the pressure rate 
index decreased by 20% in sham MI/R rats. The PRI 
decreased more in untreated MI/R rats than in rats of 
the sham MI/R groups. However administration of 
anti-tumor necrosis factor-a antibodies significantly in- 
creased the pressure rate index (fig. 6). 



4* Discussion 

Tumor necrosis factor-a is a cytokine produced by 
mononuclear phagocytes upon activation by endotoxin 
or other microbial products (Beutler and Cerami, 1986) 
and has been implicated in the lethality of Gram-nega- 
tive septic shock (Tracey et al., 1989; Beutler et al, 
1985). This cytokine has pleiotropic activities both 'in 
vitro* and 'in vivo' and appears to be a common media- 
tor of inflammation and endotoxin shock (Beutler and 
Cerami, 1987b). Experimental evidence has shown that 
tumor necrosis factor-a is also involved in the patho- 
genesis of non-septic low-flow states such as bowel 
(Squadrito et al., 1992) and hepatic (Colletti et al., 
1990) ischaemia-reperfusion iiyury. The cytokine en- 
hances the adherence of leukocytes to the vascular 
endothelium, and this latter event is particularly rele- 
vant to the development of reperfusion iiyury. All 
these findings prompted us to study the role played by 
tumor necrosis factor-a in myocardial reperfusion in- 
juiy in the rat. The questions that we raised were; does 
tumor necrosis factor-a represent an important media- 
tor of myocardial reperfusion injury? Does tumor 
necrosis factor-a influence leukocyte accumulation in 
the myocardium during reperfusion 'in vivo', thus con- 
firming the 'in vitro' data? And, finally, are mac- 
rophages a major source of tumor necrosis factor-a? 

As far as the first question is concerned, our present 
data indicate that passive immunization with specific 



antibodies raised against murine tumor necrosis factor- 
a increases the resistance of rats to the experimental 
procedures of myocardial ischaemia-reperfusion iiyury. 
Survival in the group of rats given the non immune- 
serum was 45%, whereas rats administered the specific 
anti-tumor necrosis factor-a showed enhanced resis- 
tance to the experimental procedures (survival 80%). 
Occlusion and reperfusion of the left coronary artery 
produced marked myocardial necrosis and the passive 
immunization with specific antibodies directed against 
murine tumor necrosis factor-a reduced the infarct 
size. In addition, anti-tumor necrosis factor-a antibod- 
ies reduced serum levels of creatinine kinase serum 
levels, thus confirming the cardioprotective effects of 
this pretreatment. Finally, the administration of spe- 
cific anti-tumor necrosis factor-a antibodies reduced 
the decrease in pressure rate index, in turn suggesting 
a reduction in myocardial oxygen demand. 

During the reperfusion period, the animals sub- 
jected to myocardial ischaemia-reperfusion injury had 
increased serum levels of tumor necrosis factor-a that 
were neutralized by anti-tumor necrosis factor-a anti- 
body administration. These findings, taken together, 
strongly support the idea that tumor necrosis factor-a 
is heavily involved in the pathogenesis of myocardial 
reperfusion injury. 

Leukocyte accumulation plays a crucial role in the 
development of myocardial damage following reperfu- 
sion (Lucchesi, 1990). In our experiment we studied 
myocardial myeloperoxidase activity to assess leukocyte 
infiltration, as reported previously (Griswold et al., 
1988). Rats subjected to occlusion and reperfusion of 
the coronary artery showed marked leukocyte infiltra- 
tion, as indicated by the marked increase in myocardial 
myeloperoxidase activity. Passive immunization with 
specific antibodies raised against murine tumor necro- 
sis factor-a decreased the deleterious accumulation of 
leukocytes in the myocardium. This latter experimental 
evidence indirectly unmasks the negative role played by 
the cytokine in myocardial reperfusion iiyury. More 
specifically, the cytokine, released by activated cells 
during the reperfusion period, is responsible for the 
increased adherence of leukocytes to the ischaemic 
myocardium. It could be argued that tumor necrosis 
factor-a, released in the bloodstream, enhances the 
expression of ICAM-1 and ELAM-1 on the endothelial 
surface, as reported previously (Bevilacqua et al., 1989), 
thus promoting leukocyte migration through interen- 
dotheiiai ceii junctions and- leukocyte accumulation in 
the subcellular regions. Finally, leukocytes could re- 
lease deleterious mediators (i.e. free radicals, 
eicosanoids, platelet-activating factor, etc.) able to in- 
duce myocardial cell injury. 

Tumor necrosis factor-a is produced in septic shock 
by macrophages following their activation by endotoxin 
(Beutler and Cerami, 1987). We therefore investigated 
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whether tumor necrosis factor-a is produced by 
macrophages during myocardial ischaemia-reperfusion 
injury. We found increased tumor necrosis factors 
levels in the peritoneal macrophages collected from 
rats subjected to myocardial ischaemia-reperfusion in- 
jury. These data support the idea that tumor necrosis 
factor-a is produced by activated macrophages and 
released during myocardial reperfusion, in turn causing 
leukocyte infiltration and myocardial injury. However, 
other cells, such as lymphocytes, endothelial, and 
smooth muscle cells might also be important sources of 
tumor necrosis factor-a (Vilcek and Lee, 1991). It has 
been shown that, following ischaemia caused by clamp- 
ing of the coronary artery, intracellular Ca 2+ concen- 
trations increase (Whalen et al., 1974; Shen and Jen- 
nings, 1972). During reperfusion, which occurs follow- 
ing clamp release, tissue Ca 2+ concentrations increase 
10 times over control in the first 10 min. Therefore, it 
could be speculated that an enhanced Ca 2+ influx may 
prime macrophages and possibly other cells to synthe- 
size and release the cytokine. Alternatively, it could be 
hypothesized that stimulation of phospholipase A 2 , 
which follows Ca 2+ entry during ischaemia, induces 
eicosanoid synthesis (Le". thromboxane A 2 X which is in 
turn capable of causing tumor necrosis factor-a pro- 
duction. It has been suggested that calmodulin is in- 
volved in cytokine secretion elicited by lypopolysaccha- 
rides-stimulated macrophages (Kovacs et al., 1988). 
Whether this calmodulin-sensitive mechanism, primed 
by the intracellular calcium overload, also operates 
during myocardial ischaemia-reperfusion iiyury re- 
quires further investigation. 

In conclusion, our results support the idea that 
tumor necrosis factor-a may be involved in the patho- 
genesis of myocardial reperfusion injury and suggest 
that drugs capable of reducing the levels of the cy- 
tokine may represent a novel therapeutic approach to 
the treatment of acute myocardial infarction. 
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CACHECTIN: MORE THAN A TUMOR 
NECROSIS FACTOR 

Bruce Beutler and Anthony Cerami 

THE metabolic impact of infectious and neoplastic 
disease states has long been known to clini- 
cians. 1 ' 4 Invasive diseases may disrupt normal homeo- 
static mechanisms, both locally and systemically. For 
example, acute gram-negative infections frequently 
lead to profound metabolic acidosis and to biphasic 
changes in plasma glucose concentration, both seen 
in the context of hypotension, disseminated intravas- 
cular coagulation, and widespread tissue injury. 5 * 12 
Chronic infectious diseases, as well as neoplastic dis- 
eases, ^may ' provoke" a- severe wasting diathesis; ^in^ 
which negative calorie and nitrogen balance lead? to 
death despite the absence of a large parasite or tumor 
burden. 

It* was Notice widely believed that invasive agents 
^ereVdienueives, responsible for these metabolic de- 3 
/angements i .In recent years, however, there has been 
a growing awareness , that endogenous mediators are 
essential elements in the pathogenesis of shock and 
cachexia alike. 

The role of bacterial endotoxin in the pathogenesis 
of septic shock illustrates this principle. Endotoxin 
does not exert most of its effects on the host's metabo- 
lism directly, nor is it highly toxic to most mammalian 
tissues. On the contrary, endotoxin elicits the produc- 
ti n of a host factor (or factors) that may in turn lead 
to shock and death. These factors appear to be pro- 
duced by cells of hematopoietic origin. Transplanta- 
tion ??"dips in which marrow from endotoxin-sensitive 
(C3H/HeN) mice was infused into endotoxin-resistant 
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(C3H/HeJ) recipients 13 have shown that sensitivity is 
conferred by cells of the donor. The macrophage has 
been suspected to be the cell responsible for endo- 
toxin-induced injury and death, since various facul- 
tative intracellular bacteria, capable of eliciting re- 
ticuloendothelial hyperplasia, greatly enhance the 
endotoxin sensitivity of infected animals. 14 * 15 More- 
over, endotoxin-induced macrophages produce, in vi- 
tro, a mediator capable of killing endotoxin-resistant 



mice. 16 

The host's response to endotoxin is perhaps an 
extreme illustration of its response to many patho- 
. gens. Identification of the mediators that confer endo- 
toxin sensitivity would seem to be essential in the de- 
sign of a specific strategy to arrest the development of 
shock in sepsis. Moreover, the agent (or agents) con- 
. >' ferring endotoxin sensitivity may prove to be a media- 
" tor of general inflammation, which is important in the 
V. pathogenesis of many human diseases. 

. . . The History of Cachectin 

■ ' "Cachectin" is the name applied to a macrophage 
) hormone - originally isolated in the course of studies 
I aimed at delineating basic mechanisms of cachexia in 

> chronic disease. In rabbits^ trypanosomiasis produces 
a profound J wasting diathesis. 17 * 18 Infected animals 

-| Kaye^a ^lq>y parasite bu^ markedly, an*. 

>U;orec^ halfj their ^ body weight before 

| dying of infection. Surprisingly, a striking lipemia de- 

> velops during the final stages of the disease. 17 Rouzer 
i and Cerami noted that; the net elevation of plasma 

lipids was principally attributable to hypertriglyceri- 
/ demia and that a clearing defect, caused by a systemic , 
reduction in lipoprotein lipase activity, appeared to 
: explain this phenomenon. 17 

Kawakami and Cerami 19 demonstrated that when 
endotoxin-sensitive (C3H/HeN) mice were given in- 
jections of bacterial lipopolysaccharide, systemic sup- 
pression of lipoprotein lipase activity and lipemia oc- 
curred. Endotoxin-resistant (C3H/HeJ) mice did not 
exhibit this response. However, lipemia and lipopro- 
tein lipase suppression couid be induced in cnuuiuxiu- 
resistant animals when they were injected with the 
serum f endotoxin-treated C3H/HeN mice. The cel- 
lular source of the factor was shown to be the mac- 
rophage. Macrophages btained from sensitive (but 
not resistant) mice were able to produce a factor sup- 
pressing lip protein lipase when the cells wore stimu- 
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lated with lipopolysaccharide in vitro. 20 The factor 
responsible for this activity was named cachectin in 
recognition of its suspected role in the pathogenesis of 
cachexia. 

Beutler et al. 21 purified cachectin to homogeneity 
and found it to be a polypeptide hormone with a sub- 
unit size of approximately 17 kilodaltons. Interesting- 
ly, cachectin was produced in . considerable abun- 
dance, accounting for 1 to 2 percent of the total 
secretory product of endotoxin-activated RAW 264.7 
cells, 21 a murine macrophage line. Similar quantities 
were later shown to be produced by mouse peritoneal 
macrophages. Very small amounts of the hormone are 
made by circulating monocytes, 22 unless the latter are 
"primed" with interferon-gamma, which greatly aug- 
ments synthesis (unpublished data). 

The hormone was shown to bind by means of a 
high-affinity receptor to adipocytes and myoblasts, 21 
as well as a wide variety of other tissues. 23 After injec- 
tion of endotoxin, cachectin appeared in the circula- 
tion within minutes, reached peak levels after two 
hours, and then rapidly declined in concentration. 23 
The half-life of the hormone in the circulation was 
determined to be approximately six minutes. 23 Initial 
estimates of the net quantity of cachectin produced by 
a single animal in response to injection of endotoxin 
suggested that a rabbit might produce 1 mg of the 
hormone. 23 Abe and his coworkers 24 found cachectin 
or "tumor necrosis factor" (TNF) at a serum concen- 
tration of 0.3 /*M in rabbits in shock. This would 
suggest that individual animals may actually produce 
several milligrams of cachectin in response to a lethal 
dose of lipopolysaccharide. Thus, the quantity of ca- 
chectin produced in such a case exceeds the amount 
required for lethal injury (see below). • 

The role, of cachectin as a mediator of' endotoxic 
shock was suggested by studies in .which mice passive- 
- ly immunized against the hormone were found to be 
> protected, against the lethal effect .of lipopolysaccha- 
ride. 25 With the availability of large quantities of re- . 
combinant cachectin, essentially free of contaminat- 
ing endotoxin, it has been possible . to examine < the 
direct effects of the hormone in vivo and to determine 
whether cachectin itself could induce the shock and 
tissue injury associated with endotoxemia. When in- 
fused into rats in quantities similar to those produced 
endogenously in response to lipopolysaccharide, car 
chectin causes piloerection, diarrhea, and an ill, un- 
kempt appearance. Typically, hemoconcentration, 
shock, metabolic acidosis, transient hyperglycemia 
followed by hypoglycemia, and hyperkalemia are ob- 
served. Severe end-organ damage is apparent on both 
gross examination and light microscopy. 26 The major 
arteries of the lungs become plugged with thrombi 
composed primarily of polymorphonuclear leukocytes, 
and a severe interstitial pneumonitis is present. Acute 
renal tubular necrosis, as well as ischemic and hemor- 
rhagic lesions of the gastrointestinal tract, follows the 
administration of relatively low doses of the hormone 
(100 to 200 Mg per kilogram of body weight in rats). 



In addition, adrenal and pancreatic hemorrhages are 
commonly n ted. 26 Thus, cachectin evokes changes 
that essentially duplicate the pathologic effects of 
endotoxin administrati n. 

Early in 1985, Beutler et al. noted that the amino 
terminal sequence of mouse cachectin was strongly 
homologous to that reported for human TNF. 27 It was 
also observed that cachectin and TNF possessed an 
identical spectrum of bioactivities and were immuno- 
logically indistinguishable, suggesting that they were 
in fact the same molecule. 27 This assumption was soon 
confirmed by genetic sequence analysis. 28 

The History of TNF 

Among the diverse effects induced by endotoxin, 
few are so striking as the hemorrhagic necrosis of tu- 
mors, first noted nearly a century ago by Dr. William 
Coley, a New York City surgeon who observed the 
phenomenon in a patient with a sarcoma who con- 
tracted an intercurrent streptococcal infection. 29 Co- 
ley repeatedly administered bacterial broths, condi- 
tioned by the growth of serratia and streptococcus 
organisms, to patients with cancer in an attempt to 
induce hemorrhagic necrosis, with mixed results. 30 * 31 
Shear and his colleagues 32 ' 36 studied the phenomenon 
in animals and isolated the active agent (the "bacterial 
polysaccharide" — e.g., lipopolysaccharide) from cul- 
tures of serratia organisms. 

The severe toxicity of lipopolysaccharide precluded 
its general use as an antineoplastic agent and stimulat- 
ed a search for modified molecules capable of induc- 
ing hemorrhagic necrosis; of tumors without causing 
shock, coagulopathy, and widespread end-organ dam- 
age. In 1962, O'Malley et al. 37 reported that serum 
obtained from mice in shock because of lipopolysac- 
charide infusion was capable, of eliciting hemorrhagic 
necrosis of a transplantable tumor, grown in another 
animal. A similar observation was made in 1975 in the 
laboratory of Dr. ->LIoycU 01d.??vA serum factor, fit- ^ 
rived from animals primed with; bacillus ^Galmette 
- Guerin and injected with endotoxin, was found to die- , 
it hemorrhagic necrosis of transplantable tumors in 
vivo. Intensive studies of this molecule (TNF) were 
undertaken in the hope that it might present a means 
of avoiding the toxic effects of lipopolysaccharide 
while retaining the beneficial (tumorolytic) effect. 

TNF was found to be a product of mononuclear 
phagocytes 39 * 42 and was observed in several different 
species. 40,42,43 Interestingly, the factor was found to 
be cytotoxic to selected tumor-cell lines (includ- 
ing the mouse fibrosarcoma line L-929) in vitro. The 
L-929 cell cytotoxicity assay allowed purification of 
TNF. This was achieved by Dr. Bharat Aggarwal and 
his colleagues," who also sucuccucu iu purifying 
lymphotoxin, a tumorolytic protein derived from lym- 
phocytes. 45 

The lymphotoxin and TNF genes appear to be 
products of an ancient tandem duplication event. 46 
Both genes are closely linked on human chromosome 6 
and, as such, are HLA-linked. 46 In the mouse, the 
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genes lie within the D region of the H-2 complex, 
approximately 70 kilobases proximal to the D gene 
(Fischer-Lindahl K: personal communication). The 
proteins specified by these genes share approximately 
30 percent homology at the amino acid level. 46 " 48 In 
addition, they have a highly concordant range of bio- 
logic activities and appear to bind to a common recep- 
t r. 49 However, lymphotoxin is produced only by T 
lymphocytes 50 and B lymphoblastoid cell lines 45 * 51 in 
response to mitogenic or specific antigenic stimuli. 
TNF, as noted above, is a product of macrophages, is 
produced in greatest quantity after exposure to. lipo- 
polysaccharide, and is then produced in far greater 
abundance than lymphotoxin. 

Clinical trials of TNF as an antineoplastic agent are 
currently in progress. No consensus has emerged 
about the efficacy of the agent. Since TNF (cachectin) 
is a primary mediator of the lethal effect of endotoxin, 
it would seem that the therapeutic index of TNF in 
patients with cancer might differ little from that of 
lipopolysaccharide. 

Thus, two very different lines of investigation — 
one aimed at isolating an endogenous mediator of tu- 
mor necrosis, and another aimed at isolating endog- 
enous' mediators of cachexia and shock — - led to the 
realization that both tumor necrosis and endotoxic 
shock arise through the action of the same macro- 
phage hormone, cachectin/TNF. 

, The Structure of Cachectin/TNF and the 
Regulation of Cachectin Expression 

The primary, structure of cachectin/TNF derived 
from three mammalian species (rabbits, 52,53 mice, 28 * 54 * 55 

• and humans 47,56 ) has now been determined. In each 
.species; cathectin is produced as a prohormone, which : 
' appears to be biologically inactive in in vitro assays of V, 

* lipoprotein lipase suppression and cytotoxicity: (un- 
published data): The propeptide, which like cachectin : 

^itself is extensively conserved, is cleaved at several 
'(sites^to yield the maturje polypeptide;? 7 The: human 
propeptide contains 76 additional, amino acids at the ■ 
amino terminal end of the molecule. It is not known atr 
present whether this sequence (or its cleavage prod - 
: ucts) exhibits a biologic activity responsible for its ex- 
tensive conservation. 

In each species, two cysteine residues are present, 
apparently connected by a disulfide bridge. 44 This ar- 
rangement is lacking in lymphotoxin, which possesses 
but a single cysteine residue. Nonetheless, it is thought 
that the two cytokines have retained conformational 
similarity, since they compete for binding to a com- 
mon receptor. 

Studies of control of cachectin biosynthesis 58 
have suggested that hormone production is tightly 
regulated. Both transcriptional and post-transcrip- 
ti nal activation must occur to all w its production. 58 
Thus, the chances of inadvertent release of cachectin 
are minimized. 

Glucocorticoid hormones, which strongly antago- 
nize the effects of endotoxin if they are administered 



before infectious r endotoxic insult, 58 will completely 
inhibit cachectin biosynthesis, both by diminishing 
the quantity f cachectin mRNA that is produced in 
response to lij ^polysaccharide and by preventing its 
translation. Glucocorticoids are effective in preventing 
cachectin biosynthesis only if they are applied to mac- 
rophages in advance of activation. If dexamethasone 
is added to macrophage cultures after activation by 
lipopolysaccharide, no inhibiting effect occurs. Thus, 
the difficulty encountered in mitigating the effects of 
sepsis by administration of steroids is understandable 
in molecular terms. Inhibition of cachectin biosynthe- 
sis by steroids does not occur once widespread reticu- 
loendothelial induction has been initiated. 

The 3'-untranslated region of the cachectin mRNA 
molecule contains a sequence element composed entirely 
of A and U (adenosine and uridine) residues, arranged 
as repeating octameric units [(UUAUUUAU)n]. 28 
Comparison of human and murine cachectin mRNA 
reveals that this sequence is conserved in toto over 
a span of 33 nucleotides, suggesting that it may have 
a discrete regulatory function. In addition, mRNA 
molecules encoding other inflammatory mediators, 
including lymphotoxin, interleukin-1, granulocyte- 
macrophage colony-stimulating factor (GM-CSF), and 
most of the interferons (representing all subclasses) 
also contain UUAUUUAU sequences of varying 
length in the 3 '-untranslated region. 28 Recently, Shaw 

..and Kamen 39 demonstrated that modified beta-globin 
mRNA molecules, containing the GM-CSF consensus 
sequence, are markedly destabilized in vivo. The 
modified globin mRNA is also strongly superinduci- 
ble; in the presence of cycloheximide, greatly elevated 
levels of the t message are 1 expressed. Thus, it would 

w seem that this sequence is probably involved in control 
;of cachectin^gene 'expression, .acting at a post-tram:; 
>scriptionahlevel. 28,5 S : ^ ^ v :\ ■ v ^ > > 

.. ^ ^.MjECHANISM OF A.CTION ; . ( . 

y : The ; postre<^ptor effects of fcachectin are known 
v only in general i-termsuTorti tet -al.^ showed that ca^ 
■ : chectin acts to suppress biosynthesis of several adipo- 
cy te-specific mRNA molecules and to prevent morpho- 
logic differentiation of pre-adipocytes. Presumably, 
lipoprotein; lipase is one of many enzymes specifically 
suppressed at a transcriptional level by the action of 
this hormone. Cachectin also acts to induce the bio- 
synthesis or release (or both) of specific proteins, in- 
cluding Class 1 major histocompatibility antigen, 61 
GM-CSF, 62 and interleukin-1. 63 * 64 These biochemical 
effects of cachectin may explain some, but probably 
not all, of its effects as observed at the level of tissues 
and organ systems. 

The precise mechanism by which cacucciiu elicits 
shock and the mechanism by which it induces hemor- 
rhagic necrosis remain unknown. It is likely tnat th~ 
two effects are inextricably related. 

As early as 1952, Algire et al. 65 studied the histolog- 
ic appearance f the necrotizing reaction that oc- 
curred within a tumor mass after injection of lipopoly- 
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saccharide, and concluded that the injury was related 
to diminished tissue perfusi n. 63 The tumor-necrotiz- 
ing effect of lipopolysaccharide may be duplicated 
by mechanical obstruction of regional bl od flow. 65 
Moreover, tumors exhibit site-dependent sensitivity to 
the effects of TNF in vivo. Dermal implants of tumor 
may be far more liable to destruction than visceral 
implants (Fidlejr I: personal communication). Hemor- 
rhagic necrosis appears to arise through vascular 
events and may be mechanistically unrelated to tu- 
morolysis in vitro. 

Recent studies have suggested that cachectin alters 
the hemostatic properties of the vascular endotheli- 
um, inducing the production of a procoagulant activ- 
ity, 66 - 67 and inhibiting the expression of thrombomod- 
ulin at the cell surface. 66 Both these effects might be 
expected to favor the accretion of thrombi, leading to 
disseminated intravascular coagulation at a systemic 
level and to occlusion of tumor vessels. Among other 
effects of cachectin on endothelial cells, altered pat- 
terns of antigenic expression, 61,68 " 70 interleukin-1 pro- 
duction, 64 * 71 and cellular rearrangement 72 in vitro 
have been observed. It appears that cachectin is di- 
rectly toxic to vascular endothelial cells. 73 The sum of 
these effects may explain many of the actions of the 
hormone in vivo. 

It is likely that various vascular beds respond to 
cachectin in different ways and that certain tumor ves- 
sels are more sensitive to the effects of cachectin than 
the vessels of most normal tissues. It is also quite clear 
that hemorrhagic necrosis may occur in normal tissues 
obtained from animals treated with sublethal doses of 
cachectin. 26 In rats, for example, the cecum is invari- 
ably infarcted after administration of cachectin at a 
dose in excess of 600 |ig per kilogram^ 26 : 

Cachectin is most probably, a proximal mediator of 
the effects of lipopolysaccharide, which acts to ini- 
tiate a large number of events leading to shock and 
tissue injury. L^ukotrienes 7 * 

factor 75 - 77 have repeatedly ->beenumplicated -in, the 
pathogenesis of endotoxic shock, and it is quite possi- 
ble that cachectin triggers their production: The infil- 
tration of polymorphonuclear leukocytes into numer- 
ous organs, particularly the lungs, after cachectin 
administration may result in part from elaboration of 
these secondary mediators. 

Fluid and electrolyte sequestration invariably ac- 
company (and contribute to) endotoxic shock. Hemo- 
concentration is observed soon after the administra- 
tion of cachectin and presumably reflects a rapid 
decline in intravascular volume. This is most likely 
attributable to an endothelial lesion, which allows the 
escape of plasma water and electrolvtes to the extra- 
vascular space. 

The "third space" into which plasma water and 
electrolytes are ultimately deposited in endotoxic shock 
is most probably the intracellular compartment. Ca- 
chectin has recently been shown to diminish the trans- 
membrane potential f muscle cells. 78 This phenom- 
enon may reflect sodium permeabilization for which 
the cells cannot compensate or inefficiency of the so- 



dium-potassium-dependent ATPase responsible for 
maintenance of the electrochemical gradient; either of 
these conditions would lead to intracellular volume 
expansion. 

In addition to exerting this direct effect, cachectin is 
known to induce release of interleukin-1 by monocytes 
and endothelial cells. 63,64 Interleukin-1, in turn, may 
elicit some of the features that characterize endotoxin 
poisoning (Dinarello C: personal communication), 
contributing to the fever, hypotension, neutropenia, 
and thrombocytopenia that prevail. 

The mechanism through which lysis of certain 
transformed cells occurs in vitro remains an intriguing 
problem. This phenomenon, once understood in bio- 
chemical terms, may conceivably lead to the design of 
a novel and effective chemo therapeutic strategy. 

Cachectin as an Inflammatory Mediator 

Cachectin was isolated as a hormone capable of 
suppressing the expression of lipoprotein lipase and 
therefore capable of preventing the uptake and stor- 
age of exogenous triglyceride.. 1 1 was found to suppress 
the expression of several other adipose-specific en- 
zymes, 60 to inhibit the uptake of acetate by fat, 79 and 
to cause a net loss of triglyceride from fat ("cachexia 
in vitro"). 60 The administration of recombinant ca- 
chectin to laboratory animals causes, anorexia and 
weight loss (unpublished data). However, the role of 
cachectin in the cachexia, of chronic diseases remains 
to be determined, since cachectin cannot be detected 
in the plasma of cachectic patients. This finding may 
reflect the relatively low sensitivity of immunoassays 
that are currently available. 

Cachectin (TNF) has also been, considered by some 
as an endogenous. antineoplastic agent?9k-^ eig.y as a 
potential mechanism of immune surveillance. It is not V. 
clear, howeveri thatiany^ 

cachectin biosynthesis, and it is quite clear that most 
tumors are highlyv^esisfantHo^he hormone's'cytdtoxic. ■ 
effect. ^>^:^^^^ 

Jrrespectiye : pf the* roles;in: which jt^was originally 
cast, cachectin has emerged as a mediator of general ; 
inflammation, and a variety of recent observations ; 
suggest that the molecule may play an important part 
in diverse human disease processes. Cachectin is an 
endogenous pyrogen, capable of inducing fever both 
through a direct effect on hypothalamic, neurons and > 
through the peripheral induction of interleukin-1, 6 ? 
which in turn elicits fever. Hence, administration of 
lipopolysaccharide-free preparations of cachectin to 
rabbits evokes a biphasic febrile response. 63 The ini- 
tial rise in temperature is attributable to the direct 
effect of the hormone, whereas the second rise results 
from interleukin-1 release. 

Cachectin also exhibits osteoclast-activating factor 
activity. 81 In this respect, it again bears a resem- 
blance to inter leu kin- 1, which was earlier shown to 
possess osteoclast-activating factor activity. 81 And 
like interleukin-1, cachectin is capable f stimulat- 
ing synovial-cell production of prostaglandin E 2 and 
collagenase. 82 
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Gachectin activates polymorphonuclear leukocytes, 
stimulating their adhesion to endothelial-cell surfaces 
and enhancing their phagocytic activity. 83,84 A sepa- 
rate effect of the hormone on the endothelial cells 
themselves also promotes neutrophil adhesi n. 83 In 
vitro these actions undoubtedly reflect the histopatho- 
logic changes evoked by cachectin produced in vivo. 

Recently, it has also been reported that cachectin 
(TNF) induces the differentiation of certain myeloid 
cell lines in vitro. 85 * 86 In addition, it has been noted 
that cachectin can induce GM-CSF production by a 
variety of cell types. 62 However, it has also been noted 
that cachectin can act to inhibit hematopoiesis direct- 
ly in in vitro assay systems, decreasing the expression 
of granulocyte-macrophage colony-forming units, 87,88 
erythroid burst-forming units, 88 and granulocyte- 
eiythroid^acrophage-megakaryocyte-forming units. 88 
The net effect of the hormone on hematopoiesis in vivo 
has not been described. 

Numerous inflammatory disorders of diverse ori- 
gins may depend on the production of cachectin, with 
all its attendant consequences. For example, excessive 
production of collagenase and prostaglandin E 2 pro- 
duction may lead to the loss of bone and cartilage in 
rheumatoid arthritis; this entire process may depend 
in part on the production of cachectin at a local level. 
Similarly, inflammatory diseases of the central nerv- 
ous system, gastrointestinal tract, lungs, kidneys, and 
other tissues may depend on cachectin release. In 
years to come, a wide variety of inflammatory diseases 
will undoubtedly be studied in order to determine 
whether cachectin, produced autonomously or in re- 
sponse to a specific pathogenic stimulus, has an im- 
portant pathogenic role. 

The range of stimuli known to evoke cachectin pro- 
duction is incompletely known at present. Endotoxin 
reniains the most potent stimulus known: However; 
" virus particles 89,90 and certain other biologic agents 91 
vilso V trigger cachectin production. With additional 
study, it. seems likely that many infectious agents will 
be identified as inducers. ^ <•■'*.*■ ■w.-r : n\-'iv V v 
^ ^It would seem appropriate to ask what beneficial ■ 
function of cachectin has justified its evolutionary 
conservation. Recently, it has been shown that sub- 
lethal quan tides are capable of protecting mice from 
challenge with an otherwise lethal inoculum of Plasmo- 
dium berghei (Schofield L: personal communication). It 
has also been shown that the hormone exerts an anti- 
viral effect in vitro under certain circumstances. 92 * 93 
In addition, C3H/HeJ mice, which cannot produce 
cachectin 58 because they have a genetic lesion, 94 are 
far more susceptible to gram-negative infections than 
nonna! mire 95 Thus, certain infections may be 
controlled effectively through the action of this and 
related cytokines. 

Relation of Cachectin to Other 
H rmonal Factors 

Through "priming" (e.g., infecting animals with 
facultative intracellular bacteria such as BCG or Cor- 
ynebacUrium parvum), greatly augmented producti n of 



cachectin 38 ' 40 ' 96 * 97 may be achieved in vivo after lipo- 
polysaccharide administration. Although this phe- 
nomenon remains incompletely understood, it is clear 
that cachectin proJuction is strongly influenced by 
other mediators. 

Interferon-gamma, which has been shown to acti- 
vate macrophages, thereby enhancing tumoricidal ac- 
tivity, 98 " 100 production of hydrogen perowdCi 1 ^ 101 
phagocytic potential, 100 " 103 and other defensive func- 
tions, 100 also augments the production of cachectin 
in response to endotoxin. 22 * 104 Interferon-gamma ap- 
pears to achieve this effect by enhancing lipopoly- 
saccharide-induced cachectin-gene transcription and 
cachectin-mRNA translation. 104 It is likely that inter- 
feron-gamma (or a related cytokine) contributes to the 
priming phenomenon. 

As previously mentioned, glucocorticoid hormones 
strongly inhibit cachectin production. The inhibiting 
effect may be demonstrated in vitro in the presence of 
Cortisol concentrations corresponding to normal hu- 
man free Cortisol levels in vivo. Thus, glucocorticoid 
hormones may prevent unconstrained release of ca- 
chectin, with all its deleterious consequences, which 
might otherwise occur in the presence of a relatively 
minor infection. The greatly increased susceptibility 
to infection of adrenalectomized or otherwise gluco- 
corticoid-deficient patients may reflect the loss of this 
control mechanism. 

Antagonism of Cachectin Action in the 
Management of Inflammatory Disorders 

Therapeutic measures aimed at attenuating the in- 
flammatory response are at present very nonspecific. 
Glucocorticoid hormones and a variety of cytotoxic 
drugs can ^effectively impede inflammation, but also 
■£* affect host metabolism and , arrest the proliferation of 
many normal host tissues. As . a central mediator of 
inflammation, cachectin is an isolated target for phar- 
v macotherapeu tic intervention. ■ ulr^iitr.>\.- ^r^l^^M 
J ^ It has -been demonstrated that mice treated with a 
polyclonal antiserum directed against mouse^ cachec- 
tin become resistant to the lethal effect of lipopolysac- 
chaiide. 25 Thus, it would seem possible that neutraliz- 
ing monoclonal antibodies directed against human 
cachectin may prove to be useful in the treatment of 
sepsis, particularly in its early stages. 

It remains to be seen whether such antibodies (or 
other cachectin antagonists) will also prove useful in 
the treatment of other pathologic states in which in- 
flammation has a role. However, it is anticipated that 
specific neutralization of cachectin and of related 
cytokines may offer new therapeutic directives with 
which to treat a broad spectrum of diseases. 
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TUMOR NECROSIS FACTOR/CACHECTIN STIMULATES 
PERITONEAL MACROPHAGES, POLYMORPHONUCLEAR 
NEUTROPHILS, AND VASCULAR ENDOTHELIAL CELLS 
TO SYNTHESIZE AND RELEASE PLATELET- 
ACTIVATING FACTOR 

By GIOVANNI CAMUSSI,* 4 FEDERICO BUSSOLINO,*' 9 
GENNARO SALVIDIO,* and CORRADO BAGLIONI 1 

From the ^Departments of Pathology and Microbiology, School of Medicine, State University of 
New York at Buffalo, Buffalo, New York 14214; the t Laboratorio di Immunopatologia della 
Cattedra di Nefrologia and the *Cattedra di Chimica, Universita di Torino, 
10126 Torino, Italy; and the ^Department of Biological Sciences, State University of 

New York at Albany, Albany, New York 12222 ? 

Platelet-activating factor (PAF) 1 is a mediator of inflammation with a wide | 
range of biological activities (see reference 1 for review). PAF was initially < :. ; J 
recognized as a product of IgE-sensitized rabbit basophils (2) and was identified • $ 

with l-0-alkyl-2-5n-glyceiyl-3-phosphoiylcholine subsequently ^ 

shown that PAF is synthesized after appropriate stimulation by mono- 
cytes/macrophages (6-9), polymorphonuclear neutrophils (7 , 10, 11), platelets ^ ; 
(12) and endothelial cells (13-15). PAF induces aggregation and degranulation 
of platelets (2, 16), stimulates contraction of smooth muscle (17), promotes 
chernotaxis and granule secretion pFnra^ 

increases vascular permeability* ari^ : 

It was recently suggested that PAF is a mediator of endotoxic shock (22^24) * TuV ! 0 
on the basis of the following observations; (a) PAF is produced during endotoxic - 
-'shriek aha experimental sepsis by Gram-negative bacteria (23^25);^ (A) infusion ? ; ^r&M 
Jof experimental animals with PAF^resiilt^ in hypotension, decrease in cardiac ^ h; -^i 
output, and hypovolemic shock (26-28); (c) three PAF receptor antagonists r"\~ 
(CV3988, kadsurenone, and SRI 63072) inhibit or reverse endotoxin-induced 
hypotension and, in this way, prolong the survival of rats (22, 23, 29). 

Tumor necrosis factor/cachectin (TNF) is a mediator of endotoxic shock (30). 
Because TNF administration to experimental animals reproduces several aspects 
of PAF infusion (30), it seems possible that PAF is synthesized in response to 

This work was supported by National Institutes of Health grants AM-36807 (to G. Camussi) and CA- 
29895 (to C. Baglioni); by grant 85.005.04 of the Consiglio Nazionale delle Ricerche (to G. Camussi); 
and by the Ralph Hochstetter Medical Research Fund in honor of Drs. Henry C. and Bertha A. 
ttusweii. r . uussoiino is recipient uf a icuuwsliip froru Rcgionc ricrr.or.tc. 

1 Abbreviations used in this paper: acetyl-CoA, acetyl-coenzyme A; APNE, iV-acetyl-D f L-pheny!ala- 
nine-/9-naphtfiyl ester; PAF, platelet-activating factor; PBDB, p-bromodiphenacylbromide; PC, l-2- 
phosphatidylch line; PMN t polymorphonuclear neutrophils; TPCK, L-l-tosylamide-2-phenyl thyl 
chloromethyl ketone. 
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TNF. The aim of the present study was to establish whether TNF stimulates 
synthesis of PAF in cultures of different primary and turn r cell lines. The results 
obtained show that TNF-treated rat peritoneal macrophages and polymorpho- 
nuclear neutrophils (PMN), and human vascular endothelial cells synthesize and 
release PAF. 

Materials and Methods 
Cell Cultures. Peritoneal cells were obtained from Lewis rats of 250-300 g according 
to Bloom et al. (31). The peritoneum was washed with RjPMI 1640 medium buffered with 
5 mM Pipes containing 0.25% of lipid-free BSA. The cells were washed t^ with this 
medium by 5 min centrifugation at 200 g, counted in a hemocytometer, and resuspended 
in MEM at 10 7 cells/ml. The cells were then plated in 3.5-cra-diam plastic dishes and 
incubated for 60 min at 37 °C. Nonadherent cells were removed by three washes with 
MEM containing 0.25% BSA; 90-95% of the adherent cells were characterized as 
macrophages on the basis of positive staining for nonspecific esterase performed on 
formalin-fixed cells with a-naphtol-AS-D-chloroacetate T specific esterase staining (32), and 
by phagocytosis of complement-activated zymosan particles (0.2 mg/ml) or of latex beads 
after incubation for 30 min at 37 °C. Rat PMN were cultured as described (7). Endothelial 
cells were isolated from the human umbilical cord vein, cultured in Iscove's medium 
supplemented with 15% fetal ralf serum (FCS), and dtara^ 
(13). Primary cultures were phted m 
the same medium e^ 

when confluent after 4-7 d of culture. Human melanoma SK-MEI^l 09 
in FI2 and MEM (1:1) with 8% FGS. Hel^ cells and human 
t ' were cultured in Dulbecco's medium with 10% FCS. Human foi^kin fibroblast 

' cultured in F12 medium with 10% FCS and grown to confluency before treatment with 
: . • TNF. ■ • . •. , \-V : >^ - 

Synthesis and Release of PAF. For each assay, 2.5 X 10* or 10 6 cells were incubated at 
37 °C with either human or murine recombinant TNF (hTNF or mTNF), obtained 
respecti vely from Dr. Tatsuro Nishihara of the Suntory Institute for Biomedical Research, 
/; Osaka, japan, and from Dr. Walter Fiers, University of Ghent, Ghent, Belgium. In some 

experiments, macrophages were incubated with the calcium ionophore A23 187 and with 
Y^:tS£ ,> "."^ * r^compte^ zymosan G (33), or preincubated for 10 min at37°C with: acetyl- -v5 

.i 4 ; v i ; ;^ J^nzyme A (acetyl-CoA); 2-Iyso-PAF(Bachem Feinchenukalien, Bubehdorf , Switzerland); f^jp 

c ^ ■ ^ErtTA;^ i $^ 

... : V i v r ^i - ^etorie(TPCK)^ .....u* 

«b-$ ?^:-^i' iM>Ari^ IL):<w: with 2;$ ^Ci [ 5 H]2*lyso-PAF m ^ 

^^C'H-t'' conuining ; 0.25% r BSA. This preincubation was previously found to yk ;^ ^ 

' incorporation precursors into PAF (34). After wswhing, the cells were ^ 

stimulated with mTii f and the reactions were stopped by adding EDTA to 20 mM. The 
supernatant was removed and adherent cells were harvested with a rubber policeman in 
1 ml of methanol. PAF was extracted from supernatant and cells according toBlighand 
Dyer (35), with formic acid added to lower the pH of the aqueous phase to 3.0 (36). In 
parallel experiments, cell viability was monitored by Trypan blue exclusion and ranged 
between 89 and 92% after 4 h incubation with different doses of TNF, 95-99% after 1 | 
h incubation with complement-activated zymosan, and 85-90% after 1 h incubation with 
A23187. 

PAF Purification. The supernatants and the methanol fraction obtained from celts 
were extracted with a 1 : 1 :0.9 (vol/vol/vol) mixture of chloroform, methanol, and water 
or medium, and the chlorotcrm-rich phase was rcutiucu (37). To n-.cs^ure the evera!! 
recovery of PAF, 1 0 nCi of [ 3 H]PAF was added to the cells or supernatants and extracted 
as described above. The extracted lipids were analyzed by thin layer chromatography 
(TLC) on silica gel plates 60 F254 (E. Merck, Darmstadt, Federal Republic f Germany) 
developed with 65:35:6 (vol/voi/vol) chloroform, methan 1, and water (37). l-cm s seed ns 

•I 
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of the plates were scraped into glass tubes and the lipids were extracted three times for 
30 min with 2 ml of 1:2:0.8 (vol/vol/vol) chl reform, methanol, and water. The silica was 
removed by centrifugation and the supernatant was adjusted to and extracted with 1:1:0.9 
(vol/vol/vol) chloroform, methanol, and water. The chloroform phase was then removed 
and dried. The dried material was resuspended for quantitation and characterization of 
PAF in Tris-buffered Tyrode's solution (2.6 mM KCI, 1 mM MgCl 2 , 1.37 M NaCI, 6 mM 
CaCI 2 , 0.1% sucrose; and 1 mM Tris buffer, pH 7.4) containing 0.25% BSA (fraction V; 
Pentex Biochemicals, Kankakee, IL). , 

In studies with labeled precursors of PAF, the lipid extracts were chromatographed on 
60 F254 TLC plates with 50:25:8.4 (vol/vol/vol/vol) chloroform, methanol, acetic acid, 
and water (34); 0.5 cm 2 sections were scraped, arid radioactivity was counted after addition 
of scintillation liquid. Commerciall y available synthetic PAF and 2-lyso-PAF, ^-phospha- 
tidylcholine (PC) and sphingomyelin from bovine brain, and L-2-lyso-PC from bovine liver 
(Sigma Chemical Co., St. Louis, MO) were used as standards. The recovery of [ 3 H]PAF 
after extraction and purification was 96-98%. 

PAF Assay. After extraction and purification, PAF was detected by aggregation of 
washed rabbit platelets prepared as described (38), using an aggregometer. For PAF assay, 
5 X 10 7 platelets were stirred at 37 °C in 0.3 ml of Tris-buffered Tyrode's solution 
supplemented with 0.25% gelatin (Difco Laboratories, Detroit, MI), 0.01 mM indometh- 
acin to inhibit cyclooxygenase, 312.5 mg/liter of creatine phosphate and 152.5 mg/liter 
of creatine phosphokinase to convert ADP into ATP. In this way, both arachidonic acid- 
and ADP-dependent platelet aggregation were blocked. PAF concentration was calculated 
from a calibration c"^e with 10 jil of various solutions containing synthetic PAF added 
to rabbit platelets at a final concentration of ^1 - 1 5 ng/ml, A linear correlation between 
platelet aggregation arid added PA in a concentration range of I -10 

ng/ml. PAF was quantitated after extraction and purification by TLC (37), and its 
concentration was calculated on the linear portion of the calibration curve from at least 
three dilutions of the same sample. This method allowed to quantitate (in nanograms per 
milliliter) biologically active material of standard PAF. 

Characterization of PAF. Biologically active material extracted from cells and super- 
natant in different experiments was characterized by comparison with PAF obtained from 
sensitized rabbit basophils (37) and with synthetic PAF by the following criteria (39): (a) 
induction of platelet aggregation by a pathway independent from both ADP- and arachi- 
donic acid/thromboxane A 2 -mediated pathways; (b) specificity of platelet aggregation 
inferred from the inhibitoiy effect of 5 /tM SRI63072 (29) and CV398S (40), two different-; 
PAF receptor 

liases and^ A| (4l|^ acids; weat basest 

and 5 min heating in boiling water! The methods used, were previously described in detail 
(39) ' ' ' " ' 0> ■ r O^^|^> ; V'>i>V" - i , v ! A^.;^':^:. '" " v:?^ ' "V ■ •' .A • yi ■ ■ 1 " , V ; i^ 

'. "* ' y$f t "' " * ' '' •>'.•': - " N^'^V^ '^.^■'•f'' T.' ".V* r *' -*f^' > > ; ; ? ■ /. "'t " ' • *" ' v ''"V^ 

T ' ' «v-;yV,"" : '"' '* r '•" ' ;t ' ' ^^'^^ .■ » ' ' ; ; V,' *• 

' ' ; ' * : v '";.\f; r ' ;r Results ' ■ 

The experiments shown in Fig. 1 established that rat peritoneal macrophages 
adherent to plastic dishes release PAF in response to TNF. The macrophages 
were incubated for 1 h with 20 ng/ml of mTNF and PAF was assayed after 
purification from cells and medium as described in Materials and Methods. The 
macrophages produced PAF in amounts comparable to those obtained during 
phagocytosis of complement-activated zymosan C, and ~75% of maximal synthe- 
sis obtained with the calcium ionophore A23187 (Fig. 1). The level of cell- 
associated PAF was approximately equal to that in the medium, suggesting that 
TNF was a potent inducer of both PAF synthesis and release. The material 
extracted from cells and medium had biologic and physicochemical characteristics 
identical to those of synthetic PAF and of PAF released from IgE-sensitized 
rabbit basophils. It induced platelet aggregation in an ADP- and arachidonic 
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A23J87 ZYMOSAN C mW CONTROL 



Figure 1. Synthesis and release of PAF by 
rat pent neal macrophages treated f r 1 h with 
1 jig/ Ail of A23187, 0.2 mg/ml f zymosan C, 
20ng/ml f mTNF or untreated. 10* cells were 
used for each experiment. Cell-associated PAF, 
shaded columns; supernatant PAF, blank col- 
umns. In this and the f II wing figures, PAF 
concentration is referred to 1 ml of cell culture 
medium and to the corresponding cell aliquot 
to allow comparison of the amount of PAF 
released with that remaining cell associated. 
Vertical bars indicate the standard deviation of 
the mean of different experiments (n = 3). The 
assay of PAF was carried out in duplicate for 
each experiment. 



acid-independent way, which was specifically inhibited by the PAF receptor 
antagonists SRI63072 and CV3988 (29, 40). PAF activity was destroyed after 
base-catalyzed methanolysis (0-1% residual activity) or after treatment with 
phospholipase A 2 (0-3% residual activity), indicating the presence of an ester 
linkage at sn-2 (1 3, 37, 41-43). Treatment with phospholipase Ai did not inhibit 
PAF activity, suggesting the presence of an ether bond at sn-l (13, 41). The 
PAF activity was resistant to treatment with acids or wrak ba^ 
base-catalyzed methanolysis or digestion with phospholipase A 2 ; treatment with 
acetic anhydride restored 88.7 ± 7% (n = 3) of the biologic activity The PAF 
obtained from macrophages had the same R r (0.21) in TLC ^- synthetic PAF, 
using as solvent chlorpform/methanol/water (65:35:6). ^ Np ; PAF aaivity was 
detected in any other TLC fraction. The R f of PAF changed to 0.10 by using in 
TLC a solvent with different polarity (chloroform/methanol/water; 65:35:4), 
indicating tHaf PAF extracted from macrophages is a polar lipid. 

Evidence that PAF was synthesized de novo by mTNF-treated^rat peritoneal 
macrophages was obtained by following the incorporation of radioactive precur- / ... 
sorsi ^LG^alysis ^fetjh^lipid -fraction extracted J, h after^dW i< 
from macrophages preinciibated with [?H]acetyK>6A shdw^ 
''radiostcim 

lipid fraction of untreated macrophages (Fig. 2 A). ; Another , 4y 

that exogenous 2-Iyso-PAF could be a substrate for PAfesy^ra^ analysis J \)}um^. 
of the lipid fraction of macrophages preincubated with [3H]2*lysprPAF plus 0.1 < W % ? 
mM unlabeled acetyl-CoA and then treated with mTNF showed three peaks of r V 
radioactivity, (Fig. 25). i he first peak comigrated with 2-lyso-PAF, the second 
peak with PAF, and the third peak with PC. In the lipid fraction of untreated 
cells the PAF peak was absent, indicating that [ 3 H]2-lyso-PAF was only converted 
into other phospholipids comigrating with PC. It should be pointed out that, in 
these experiments, efficient conversion of 2-lyso-PAF into PAF required the 
addition of acetyl -Co A, since only a small peak of radioactivity comigrated with 
PAF when the lipid fraction of cells preincubated with [ s H]2-lyso-PAF alone and 
treated with mTNF was analyzed by TLC (data not shown). 

nrv r> r n d--a ./D4r o™jL™\. t*I r^ll^..^-— 

M IMC Ul/U/JC U»U •.COJ/l//frOO VJ M 4 AM' ^fl-HHr«IM. A ■*%. IVllVfTlllg «,A|#vi imviiut 

measured the time course of PAF synthesis and release int the supernatant by 
macrophages treated with 20 ng/ml of mTNF (Fig. 3). After 30 min PAF was 
mainly cell associated, whereas after 1 h it was present in equal amounts in cells 
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Figure 2. Representative TLC analysis of 
PAF synthesized by rat peritoneal macrophages 
stimulated f r 1 h with 20 ng/ml of mTNF 
after 2 h preincubation with 15 /iCi/ml of 
[ s H]acetyl-CoA (A) or with 0.1 mM unlabelled 
aretyl£oA and % fiCi/mr^ 
The lipids were extracted from cells and super- 
natant (35) and analyzed by TLC using as sol- 
vent chloroform/methanol/acetic add/water 
(50:25:8:4). The plates were divided into 30 
sections of 0.5 cm each and counted as de- 
scribed in Materials and Methods. The pattern 
obtained with TNF-stimulated cells (#) and 
control unstimulated cells (A) is shown. In par- 
allel experiments* labeled PAF, PC, and 2-lyso- 
PAF were chromatographed as standards; the 
position of these compounds is indicated. 
Three experiments were performed with simi- 
lar results on cell-associated and supernatant 
lipids. 




Figure 3. Time course of ?AF synthesis and release by rat 
peritoneal macrophages stimulated with 20 ng/ml of mTNF. 
Cell-associated PAF (#) and PAF released in the supernatant 
^(A)?afe:shdwn; 10?lcells were used for each time point. .,>:;*; 



and supernatant. Cell-associated PAF dec^^ afterwards, whereas that in the 
supernatant increased sharply after 1 h but declined slightly after 4 h (Fig. 3). 
This indicated that maximal synthesis of PAF occurred within 1 h of TNF 
addition, and that PAF was gradually released into the supernatant from 1 to 4 
h. Some PAF was also inactivated during this time, since its total amount (cell 
associated plus supernatant) decreased. The synthesis of PAF and its release by 
macrophages in response to different doses of mTNF or hTNF was also measured 
(Fig. 4). PAF was extracted from cells and supernatant 1 h after TNF addition. 
The amount of cell-associated PAF was approximately equal to that found in the 
supernatant at all TNF concentrations tested. Significant PAF synthesis was 
detected with 1 ng/ml of mTNF and nearly maximal synthesis with 10 ng/ml. 
Fivefold greater concentrations of hTNF were required to obtain a similar 
response. 

The Effect of Precursors and Enzyme Inhibitors on PAF Synthesis. The effect of 
precursors of PAF and of inhibitors of cyclooxygenase or phospholipase A 2 was 
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Figure 4. Dose response of PAF synthesis and release by rat 
peritonea! macrophages stimulated for 1 h with mTNF (A) or 
hTNF <£). The cell-associated PAF (•) and that released into 
the supernatant (A) by I0 6 cells treated with different concen- 
trations of TNF are shown. 



Table I 

Effect of PAF Precursors and Enzyme Inhibitors on the Synthesis of PAF by 
Rat Peritoneal Macrophages 



Compound added 



Concen- 
tration 



PAF 



Cell associated 



Released 



Acetyi-CoA 



2-Lyso-PAF + acetyl-CoA 

apne ; " 

TPCK 
EDTA 

Indomethacin 
PBDB, 



0 
1 

10 
50 
100 

^ a . 
i +ibo 

iob 
id 

100 

10 ,: 
i 



15.5 ±3.3 

15.2 ± 3.3 
20*5 ± 3.5 
23.1 ±2.5 
24.4 ± 2.4 
15.8 ±2.9 
2^±0 

5.3 ±£5 
6^9 ±0.9 
0.7 ± 0.6 

16.3 ±1.5 
4.7 ±1.5 



15.8 ±3.7 
16.2 ±3.3 
22,2 ±1.8 

23.7 ± 2.6 

26.4 ± 3.3 

16.8 ±3.3 

28.5 ± 3.4 

2.4 ±0.6 
<0:1 
<0;1- 

15.3:±1;4- 

3.5 ±1.4 



For each experiment, 10 6 rat peritoneal macrophages were preihcubated for 10 
min with the compounds indicated and then incubated for 1 h with 20 ng/ml of 
mTNF. Cell-associated PAF and that released into the culture medium were 
measured as described in Materials and Methods. Cell viability was between 85 
and 92% in experiments with different inhibitors. The mean ± SD of different 
experiments (n = 3) is indicated. 



investigated in the experiments shown in Table I. Acetyl-CoA stimulated in a 
dose-dependent manner the synthesis and release of PAF by peritoneal macro- 
phages treated for 1 h with 20 ng/ml of mTNF. It should be pointed out that 
no FAF activity was recovered iron: the supernatant of up-trea*^ tnarrrmhaa«t 
in control experiments (n = 8) carried out in the absence of acetyl-CoA. In 
contrast, minimal amounts of PAF (1.2 ± 0.8 ng/ml) were extracted from 
macrophages treated with 0 1 mM acetyl-CoA. When these cells were preincu- 
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Figure 5. Time course (A) and d se re- 
sponse (B) of PAF synthesis and release by 
human endothelial cells stimulated with hTNF. 
The cell-associated PAF (•) and that released 
in the supernatant (A) after treatment with 10 
ng/ml of hTNF or after 4 h incubation with 
different concentrations f hTNF is shown; 2.5 
X 1 0 5 ceils were used for each time point and 
hTNF roncentration. The vertical bars indicate 
the standard deviation of the mean of different 
experiments (n = 5). 



bated with 2-lyso-PAF before mTNF addition, no significant increase in PAF 
production was observed (Table I). However, addition of both 2-lyso-PAF and 
0.1 mM acetyl-CoA increased significantly the synthesis and release of PAF. In 
the absence of mTNF, these compounds increased the level of cell-associated 
PAF to 2.2 ± 0.6 ng/ml, but did not muse PAF release into the medium (data 
not shown). 

Two inhibitors of serine proteases that block the cytocidal activity of TNF in 
human and murine cells (44) reduced both synthesis and release of PAF (Table 
I). The effect of t^ revereible into Ai^E, which is a substrate of proteases 
(44), was less pronounced: than that of TPCK, an alkylating agent that is an 
irreversible inhibitor of proteases (45). TPGK is, on a mplar basis, the most 
effective antagonist of the cytocidal activity of TNF (44). This inhibitor abolished 
the release of PAF into the medium. A similar effect was obtained with the 
cation chelator EDTA (Table I) and with ethylene-6w-(oxyethylenenitrilo)-tetra- 
cetic acid, a chelator with high specificity for Ca 2+ (data not shown), suggesting 
that synthesis and release of PAF may require Ca 2+ entry into TNF-treated cells. 
The inhibitor of cyclooxygenase indomethacin had no effect on PAF synthesis 
(Table I). In contrast, the inhibitor of phospholipase A 2 PBDB drastically reduced i 
synthesif and release of ;PAF. These findings suggest th^PAj^w produ r 
^TNF-mddiated actiyatibn of phospholipase A 2 . . : NF-t^4h : ^ ^i-^^\dl^yr 

- Production of PAF by Human Vascular Endothelial Cells andRqt-PM^ 
of human endothelial cells obtained from the umbilical yeinj were^ treated/ for i 
different times and With different concentrations of h^NE -Significant? -&AT$ 
synthesis! was observed after 2 h of treatment, and reached i^mari^ 
h, declining sharply afterwards (Fig. 5 A). Most of the PAF synthesized was; cell: 
associated, since only ~20% was found in the supernatant fraction. The* doSe- 
response of PAF synthesis showed nearly maximal synthesis, with 10 ng/ml of 
hTNF and significant synthesis with 1-5 ng/ml (Fig. 5B). Only ~20% of the 
PAF synthesized was found in the supernatant fraction at all: concentrations of 
hTNF tested. We also assayed synthesis and release of PAF in rat PMN treated 
for 1 h with 20 ng/ml of mTNF: 5.7 ± 1.7 ng of PAF were found associated 
with 10 6 PMN, and 3 ± 1.1 ng were released per milliliter of medium. In 
contrast, no detectable amounts of PAF were recovered after 1-4 h of treatment 
with 10 ng/ml of hTNF from human fui cakin fibroblasts and turr.er cells such 
as SK-MEL-109 melanoma, HOS osteosarcoma, and HeLa cells, or from their 
culture media (data not shown). It appears from these results that synthesis and 
release of PAF are a specialized cell response to TNF. The reasons for the 
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different efficiency of PAF release between macrophages and end thelial cells 
are presently unknown. 

Discussion 

TNF was initially detected in the serum of endotoxin-treated animals as the 
mediator of the necrosis of some transplantable tumors in mice (46). It was 
subsequently reported that TNF is cytostatic or cytotoxic for certain tumor cells 
(47). However, several lines of evidence indicate that this is not the only biologic 
activity of TNF. This factor can stimulate fibroblast proliferation (48, 49), is 
pyrogenic (50), affects lipid metabolism (51), and modulates several functions of 
endothelial cells (52, 53). Furthermore, recent reports indicate that TNF is a 
mediator of inflammatory reactions. TNF is chemotactic for monocytes and 
PMN (54), stimulates phagocytosis (55), adherence to endothelium (52), and 
superoxide production by these cells (56, 57), and induces procoagulant activity 
in cultured human vascular endothelial cells (58). Furthermore, data from 
experimental animals suggest that TNF production plays a primary role in 
endotoxin shock (59). 

A variety of cells that play a role in inflammation have been shown to produce 
PAF. This factor may be synthesized aind released, after appropriate stimulation, 
from cells of the monocyte/macrophage series (6-9), PMN <7, ,1 0, 1 1), platelets 
(12), and endothelial cells (13-15). Therefore, PAF may be involved in a variety 
of immunopathological reactions triggered by different cellular efFettors. In 
addition to its role in acute inflammatory reactions, PAF may be a mediator of 
shock when it is released intravascularly in massive amounts within a short period 
of time (23U27, 37). The present study shows that, after stimulation with TNF, 
rat peritoneal macrophages, human endothelial cells, and rat PMN synthesize 
and release PAF. 

Appropriate stimuli are necessary to synthesize and release PAF (1, 60). The 
"calcic 33) and the phagocytosis df iyn^ 

of iriimunpro triggers PAF production from monocytes/macrcn 

phages^ ^h^ present study shows that the amount of P 'sy«ihttizOT 7 by TN F- ^- :< 
treated m peritoneal macrophages is com 

* to pha^cytic stimuli;' The TNF is rapid; since already *at ^0 mih^ i ^ 

considerable amounts of PA F are? detected in these c&Is (Fig. 3):£Fhe subsequent ^ 
decrease of cell-associated PAF in macrophages continuously incubated with ! 1 
mTNF indicates that its synthesis is a transient response. This; can be either a 
consequence of downregiilation of TNF receptors or of other regulatory mech- 
anisms that limit the synthesis of PAF. 

Previous studies on a variety of inflammatory cells (8, 13, 63-65), including 
zymosan-stimulated macrophages (33), show that PAF is synthesized by two 
enzymatic steps: (a) hydrolysis of 2-lyso-PAF by phospholipase A 2 ; and (b) 
acetylation of 2-lyso-PAF at position 2 by an acetyl transferase. The first step ^ 
requires Ca 2+ and is inhibited by PBDB (8). The second step is detected by the 
incorporation of acetate into PAF by ceils incubated wiih labelled aceiy!-CoA (S, 
13, 33, 66-68). The biosynthesis of PAF by TNF-stimulated macrophages 
involves these two metabolic steps (Fig. 2). The requirement for Ca 2+ , suggested 
by the effect of EDTA, and the inhibitory effect of PBDB (Table I) indicates 
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that phospholipase A 2 is involved in 2-lyso-PAF hydrolysis from membrane lipids. 
Addition of this compound to TNF-stimulated macrophages does not result in 
increased PAF synthesis, whereas acetyl-CoA stimulates PAF synthesis. These 
results are in agreement with previous findings (33), which suggest that the 
limiting step for PAF biosynthesis is the concentration of activated acetate 
available as acetyl-CoA. 

The reduced synthesis of PAF observed in the presence of the protease 
inhibitors APNE and TPCK suggests that some proteolytic activity is required 
for TNF stimulation of PAF synthesis. These compounds protect human and 
murine cells incubated with the inhibitor of protein synthesis cycloheximide from 
the cytocidal activity of TNF (44). It seems therefore possible that this activity 
and the synthesis of PAF are elicited through some common step in response to 
the signalling of TNF-receptor complexes. Phospholipase A 2 activity is thought 
to be regulated in vivo by potent inhibitory membrane-associated proteins 
designated calpactins or lipocortins (69). Synthesis of PAF may possibly require 
some proteolytic cleavage of these proteins to activate phospholipase A 2 . 

Identical amounts of PAF. are synthesized by rat peritoneal macrophages in 
response to optimal concentrations of either mTNF or hTNF (Fig. 4). However, 
mTNF stimulates these macrophages at lower concentrations than hTNF. This 
finding may be explained by the speci^sp^cificity of TNF. By measuring binding 
of radiolabeled mTNF and hTNF to homologous and heterologous receptors 
of murine and human cells, Smith et al. (70) have shown that mTNF binds with 
almost equal affinity to both cell types, whereas hTNF binds with higher affinity 
to human cells than to murine cells. This difference in binding to receptors is 
reflected by a correspondingly lower cytostatic activity of hTNF on murine L 
cells than on human HeLa cells (70). In the present experiments carried out on 
rat cells, mTNF appears to be more effective than hTNF. Therefore, it seems 
likely that TNF receptors on rat cells bind mTNF with greater affinity than 
hTNF. This concept is sMpported^by the synthesis by r 

human endothelial cells is obtained with ^ 

s that induce maximal respome in rat peritoneal macrophages; with mTN F, namely,, 
10 ng/mj (Figs. 4 A and ,5fl)^^ nM) results in 

/occupancy of a large fraction ,of cell u 4°C oti2 X^ 

10~ 10 for the hTNF and mTNF receptors (70). .. . ... 4 ^ r 

The syhthesis of PAF in response to TNF appears to be a specialized response 
of cells involved in inflammation. Large amounts of PAF are synthesized by 
macrophages and endothelial cells, but macrophages appear to release PAF 
rapidly, whereas 80% of the PAF synthesized remains associated with endothelial 
cells (Fig. 5). The time course of PAF synthesis is also slower for endothelial cells 
than for macrophages. However, the endothelial cells synthesize PAF for a few 
hours, in contrast to macrophages, which show a transient synthesis. The obser- 
vation that in a continuous incubation with TNF endothelial cells respond 
differently from macrophages supports the hypothesis that PAF synthesis is 
regulated by specific meciumisnis rather tkzr. by dewr. regulation of TNF recep- 
tors due to receptor-mediated endocytosis. These findings have to be confirmed 
with other macrophage and endothelial cell systems, but they suggest that 
regulatory networks control the duration of PAF synthesis and release in response 
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to TNF. The possibility that PAF itself could promote TNF synthesis was tested 
in rat peritoneal macrophages. Treatment rf these cells with 5-50 ng/ml of PAF 
for 1-4 h did not result in appreciable release of mTNF into the culture medium 
(our unpublished observati ns). This finding suggests that TNF and PAF pro- 
duction are not interrelated. 

The presence of TNF in the serum of patients with meningococcal meningitis 
and/or septicemia has recently been reported (7 1 ). TNF was detected in 1 0 of 
1 1 patients who died, but in only 8 of 68 survivors (71). Clinical signs of severe 
meningococcal disease are leukopenia, thrombocytopenia, and hypotension. 
These symptoms may be caused by release of PAF mediated by tKiTTNF in 
serum. It seems likely that PAF release may play a significant role in both local 
and systemic inflammatory responses to TNF production. Further studies are 
necessary to establish the relevance of TNF-mediated PAF synthesis in different 
immunopathologic conditions. 

Summary 

Murine tumor necrosis factor (mTNF) stimulates production of platelet-acti- 
vating factor (PAF) by cultured rat peritoneal macrophages in amounts compa- 
rable to those formed during treatment with ^ 
phagocytosis of zymosan. The cell assorted ^^ P^^ 
medium was identical to synthetic PAF; as d^ 

chromatographic, and enzymatic assays. Furthermore, de novo synthesis of PAF 
by macrophages was demonstrated by the incorporation of radioactive precursors 
such as [*H]acietyI-<Qenzyme A or [*f^ 

mTNF for 4 h synthesized PAF only during the first h of treatment. At this 
time, the amount of cell-associated PAF was approximately equal to that released 
into the medium. The cell-associated PAF decreased afterwards, whereas that in : 
the medium did not correspondingly increase, suggesting that some PAF was 
being degraded. The response of rat mac 

and human TNF (hTNF) was examined. Maximal synthesis of PAF was obtained 
^with 10 ng/ml of mTNF and 5j0 ng/ml of h 
by a lower affinity ofhTNF for TN£ 

production of PAF by human vascular endothelial cells cultured from the 
umbilical cord vein. The time cpurserof PAF synthesis was slower than that 
observed with macrophages, with maximal production between 4 and 6 h of 
treatment. Optimal synthesis of PAF was obtained with 10 ng/ml of hTNF. Only 
20-30% of the PAF synthesized by endothelial cells was released into the 
medium; even after several hours of incubation. Synthesis of PAF in response to 
TNF was also detected in rat polymorphonuclear neutrophils, but not in human 
tumor cells and dermal fibroblasts. Therefore, production of PAF is a specialized 
response that is transient in macrophages continuously treated with TNF, and 
that appears to be controlled by unidentified regulatory mechanisms. 
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Summary: Cytokines play a pathogenetic role in a variety 
of infective and inflammatory diseases. In the present 
study, we had two objectives: (a) to define the kinetics of 
tumor necrosis factor (TNF) in plasma after acute myo- 
cardial infarction (AMI) in patients treated with early 
thrombolysis, and (b) to measure other cytokines, inter- 
leukin-1 (IL-1) and TNF receptor antagonists, in plasma. 
TNF-a, but not IL-ip or IL-8, was present in plasma of 6 
of 7 patients with severe AMI (Killip class 3 or 4). No 
TNF (<50 pg/ml) was detected in a group of 11 patients 



with uncomplicated myocardial infarction (Killip class 1) 
or in control patients without AMI. Soluble TNF receptor 
type I and IL-1 receptor antagonist (IL-IRa) were also^ 
significantly increased in the group with severe AMI com- 
pared with those with uncomplicated AMI. Circulating 
TNF is increased only in AMI complicated by heart fail- 
ure at hospital admission. This finding may have diagnos- 
tic and therapeutic relevance. Key Words: Myocardial in- 
farction — Cytokines — Tumor necrosis factor — Inter- 
leukin-1. 



Circulating levels of tumor necrosis factor (TNF) 
have been measured in patients after acute myocar- 
dial infarction (AMI) (1,2). Recently, Levine and 
colleague (3) reported high concentrations of TNF 
in cachectic patients with chronic heart failure, sec- 
ondary to coronary artery disease in 19 of 33 of 
them. Cytokines play a pathogenetic role in a grow- 
ing number of infective and inflammatory diseases. 
In particular, TNF has been shown to be a key me- 
diator in the pathogenesis of septic shock, as indi- 
cated by the protective effect of anti-TNF antibod- 
ies in various animal models (4,5). Recently, TNF 
was also reported to be induced during hepatic isch- 
emia/reperfusion in rats (6). In this experiment 
model, inhibition of TNF with antibodies not only 
protected against liver ischemic damage, but also 
prevented pulmonary damage secondary to liver 
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ischemia/reperfusion, indicating that released TNF 
might play a role in the complications of the dis- 
ease. Experimental data suggest that cytokines can 
mediate myocardial ischemia/reperfusion damage 
(7,8). In general, these data suggest that TNF might 
be induced not only by infective or inflammatory 
stimuli. The reported induction of TNF and inter- 
leukin-1 (IL-1) production by human monocytes ex- 
posed to hypoxia might be the basis of production 
of TNF in ischemia/reperfusion (9). Another impor- 
tant issue is whether other cytokines might be in- 
creased, in addition to TNF. 

Much attention is being paid to endogenous in- 
hibitors. These include IL-1 receptor antagonist 
(IL-iKa), a piuicui llial has high homclcgy \v:th 
IL-l but no IL-1 activity and acts as a classic re- 
ceptor antagonist (10), and the soluble form of the 
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TNF receptor (sTNFRtl) (11), which inhibits the 
activity of TNF by competing with the membrane- 
bound receptor. Both inhibitors have been shown to 
be protective in animal models of septic shock 
(12,13) and are being tested in clinical trials. Both 
IL-IRa and sTNFRtl are increased after treatment 
with endotoxin, indicating their potential role as 
regulators of cytokine action (14,15). We measured 
the levels of circulating TNF and other cytokines 
(IL-1 and IL-8) as well as of sTNFRtl and IL-IRa in 
patients admitted to the coronary care unit (CCU) 
early after onset of symptoms of AMI and related 
them with severity of cardiac failure at entry. 

MATERIALS AND METHODS 

Ail patients (n = 23) were consecutively admitted to 
the CCU or cardiology divisions of three regional hospi- 
tals (Caserta, Magenta, and Udine). We studied 7 patients 
early after AMI complicated by severe congestive heart 
failure (severe AMI), identified as being in Killip classes 
3 or 4 at entry. Patients received systemic thrombolysis 
with recombinant tissue plasminogen activator (r-tPA) or 



streptokinase (SK) =£3 h 21 min after onset of symptoms. 
Exclusion criteria for the present study were onset of 
symptoms >10 h before examination, steroid therapy, 
chronic and acute diseases (tumors, rheumatoid arthritis, 
systemic lupus erythematosus, acute inflammatory dis- 
eases). Patient characteristics are shown in Table 1. 
Blood was sampled at entry and at 6, 12, 24, 36, 48, and 
72 h after admission to the CCU. Blood was collected on 
EDTA and immediately spun, and the plasma was frozen 
at -20°C until analyzed. 

A group of 1 1 patients who had uncomplicated AMI at 
entry (Killip class 1) was studied with the same exclusion 
criteria (uncomplicated AMI). Patients with uncompli- 
cated AMI also received systemic thrombolysis with 
r-tPA or SK s=3 h 3 min after onset of symptoms (Table 
1). Blood was sampled at entry, 6 h after admission to the 
CCU, and at hospital discharge, and was processed as 
already described. 

Another group of 6 patients without AMI (controls) 
was referred to the cardiology clinic for diagnostic exam- 
inations, no signs of acute coronary syndrome, cardiac 
failure, or inflammatory disease (five supraventricular ar- 
rhythmias and one stable angina). A single blood sample 
was obtained and was handled as all other samples. 



TABLE 1. Patients' characteristics 



Patient/sex/body 
weight (kg)/Age (yr) 



Time from 
onset of 
symptoms 



Outcome at 
discharge 



Killip class 
at entry 



Peak 
CK 



Time of 
peak CK 
(h, min) 



Site of 
infarct 



Thrombolytic ASA Heparin 



Severe AMI 

GP/M/70/68 2, 40 

MA/F/75/76 6, 00 

AP/F/56/81 5,00 

CP/M/82/59 3, 30 

GR/M/106/53 3, 20 

ML/F/72/71 2, 00 

CP/M/75/47 1,00 

Mean 77/65 3, 21 

SD 15/12 . 1,43 

Uncomplicated AMI 

CM/M/75/69 2, 55 

CL/M/7/50 3, 25 

D'AF/M/76/59 1,00 

GA/M/67/69 9, 00 

SC/F/50/71 1,00 

TC/M/78/87 2, 30 

BA/M/73/79 4, 00 

CG/M/77/84 1,30 

MM/M/95/79 2, 00 

AR/M/86/53 1,00 

CC/M/90/60 5, 00 

Mean 77/69 3,03 

SD 13/12 2,23 



Dead 
Alive 
Alive 
Alive 
Dead 
Dead 
Dead 



Alive 
Dead 
Alive 
Alive 
Alive 
Alive 
Dead 
Alive 
Alive 
Alive 
Alive 



1,699 


8, 40 


Inferior 


r-tPA 


No 


No 


641 


6, 00 


Inferoposterior 


r-tPA 


Yes 


Yes 


2,077 


14, 00 


Non-Q 


r-tPA 


Yes 


Yes 


722 


12, 30 


Anterior 


SK 


Yes 


Yes 


942 


21, 30 


Anterior 


r-tPA 


No 


Yes 


150 




Inferoposterior 


r-tPA 


Yes 


No 


57 


1,00 


Non-Q 


r-tPA 


No 


No 


898 


10, 36 








752 


7,5 











1 


33 




Anterior 


- NO 


Yes 


No 


1 


1,497 


12 


Anterior 


, -SK 


Yes 


Yes 


1 


1,269 


6 


Inferior 


r-tPA 


Yes 


No 


1 


2,872 


6 


Anterior 


SK 


Yes 


Yes 




482 


9 


Anterior 


SK 


No 


Yes 


1 


1,250 




Inferior 


r-tPA 


Yes 


No 


1 


98 




Anterior 


SK 


Yes 


No 


1 


435 


12 


Anterior 


SK 


Yes 


No 


1 


939 


18 


Inferior 


SK 


Yes 


No 


1 


574 




Inferior 


r-tPA 


Yes 


No 


1 


1,800 


18 


Inferior 


SK 


Yes 


No 




1,023 


12 








839 


5 











No AMI 

CR/F/70/63 
VR/M/60/62 
BU/M/81/62 
BP/MWi/62 
MV/M/65/66 
RA/F/70/61 
Mean 73/63 
SD 11/2 



Diagnosis 

Paroxysmal atrial flutter 
Supraventricular tachycardia 
Stable angina 

ParnYv^mal atrial fihrillatinn 

Paroxysmal atrial fibrillation in hypertensive disease 
Chronic atrial fibrillation in congenital heart disease 



SK^trep^oLase Cardial ASA ' acetvlsalic y |ic acid ; CK, creatine kinase; r-tPA, recombinant tissue plasminogenen activator; 
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IL-ip was measured using an enzyme-linked immuno- 
sorbent assay (ELISA) kit (Amersham: sensitivity of the 
assay in our experimental conditions 5 pg/ml). IL-8 was 
measured by an ELISA kit from British Bio Technology 
(sensitivity of the assay in our experimental conditions 20 
pg/ml). TNF-a was measured by an ELISA kit using a 
capture murine monoclonal antibody (a gift from D. 
Wallach, Weizmann Institute, Rehovot, Israel) and a rab- 
bit policlonal antibody (a gift from P. Ghiara, Sclavo, 
Siena, Italy) with a sensitivity of 50 pg/ml. To confirm 
that the TNF detected by ELISA was bioactive, TNF 
was also measured in some samples (in this case, in serum 
samples) with a bioassay using L929 cells as a target (16). 
IL-IRa and sTNFRtl were measured by competitive- 
binding radioimmunoassay using iodinated recombinant 
IL-IRa or sTNFRtl and a rabbit polyclonal antibody to 
IL-IRa or sTNFRtl (17,18) (sensitivity in the present as- 
says 125 pg/ml). Five patients from the severe AMI 
group, 5 from the uncomplicated AMI group, and 5 con- 
trols (no AMI) were also studied for IL-IRa and 
sTNFRtl. All assays were run in duplicate, and results 
are expressed as picograms per milliliter. All data are 
mean ± SD. Statistical comparisons between groups 
were made with Kruskal-Wallis nonparametric test fol- 
lowed by Sachs test for multiple comparisons ("Easy 
Stat" program, running on Macintosh SE/30). 



RESULTS 

Patients' characteristics 

In the severe AMI group, two of seven infarc- 
tions were anterior (Table 1); peak creatine kinase 
(CK) serum concentrations were 898 ± 752 U/ml. In 
the uncomplicated AMI group, six of 11 infarctions 
were anterior (Table 1); peak CK concentrations 
were 1,023 ± 839 U/ml. Four patients in the severe 
AMI group died in the CCU of unresponsive car- 
diac failure; 2 in the group with uncomplicated AMI 
died of cardiac rupture (documented by autopsy). 
The other 3 patients in the severe AMI group were 
discharged alive with major functional impairment 
owing to cardiac failure (New York Heart Associ- 
ation class 3). 

Cytokine levels 

Plasma levels of IL-ip and IL-8 remained unde- 
tectable in all groups, including the 7 patients with 
severe AMI. On the contrary, a marked increase in 
plasma TNF-a was observed in 6 of 7 patients in the 
severe AMI group (Fig. 1). Peak TNF levels 
(^3,600 pg/ml in 1 patient) were detected within 12 
h of AMI and returned to undetectable levels by 24 
h. Levels of TNF remained undetectable in both the 
uncomplicated AMI group and the control-group 
(Table 2). The 3 survivors of the sc v c rp AMI pToun. 
examined 6 weeks after AMI, had no measurable 
concentrations of TNF despite the severity of their 
disease. Mean peak concentrations and ranges are 
shown in Table 2. 

To investigate whether the TNF-a detected by 
ELISA was biologically active, serum samples ob- 
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FIG. 1 . Plasma tumor necrosis factor (TNF) concentrations in 
7 patients early after acute myocardial infarction (AMI) com- 
plicated by severe congestive heart failure at entry (severe 
AMI group). Limit of detection of the TNF enzyme-linked im- 
munosorbent assay used was 50 pg/ml (t = dead). 



tained from 3 severe AMI patients at admission 
were assayed for TNF by ELISA and by biologic 
assay (cytotoxicity on L929 cells). In this case, se- 
rum was used because plasma obtained in the pres- 
ence of anticoagulants is not suitable for the bioas- 
say. AH three samples were positive for both immu- 
no reactive TNF and bioassay (data not shown). 

Levels of cytokine inhibitors 

IL-IRa was markedly increased in patients with 
severe AMI (Fig. 2 A) as compared with those with 
uncomplicated AMI (Fig. 2B). IL-IRa in severe or 
uncomplicated AMI peaked at ~12 h and decreased 
sharply in the next 12 h. Low but detectable levels 
of IL-IRa were noted in AMI group (Table 2). 

The kinetics of sTNFRtl levels in the two AMI 
groups are shown in Fig. 3. High sTNFRtl levels 
were noted in the severe AMt group as compared 



TABLE 2. Peak plasma TNF, IL-IRa, and sTNFRtl 
concentrations (pg/ml) in severe AMI, uncomplicated 
AMI, and control groups 





Severe 


Uncomplicated 


No 


Cytokine 


AMI 


AMI 


AMI 


TNF 


1,094 ± 1,177° 


<50 


<50 




180-3,600* 








n = 7 


n = 11 


n = 5 


IL-IRa 


4,766 ± 2,953 c 


2,026 ± l,271 c 


219 ± 89 




1,580-8,500 


57(M,100 


115-345 




n - 5 


n = 5 


n = 5 


sTNFRtl 


1,184 ± 404 c 


162 ± 160 


62 ± 139 




740-1,640 


< 125-364 


< 125-3 10 




- c 


n — 5 


n = S 



TNF, tumor necrosis factor; IL-lRaj interleukin-1 receptor 
antagonist; sTNFRtl, soluble form of TNF receptor. 
a Mean ± SD. 
b Range. 

c p < 0.01 versus No AMI group. Statistical analysis was not 
applied to TNF since it was undetectable in two of three groups. 
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FIG. 2. Plasma interleukin-1 receptor antagonist (IL-1Ra) 
concentrations in 5 patients early after acute myocardial in- 
farction (AMI) complicated by severe congestive heart failure 
at entry (severe AMI group) (A) and 5 uncomplicated AMI 
patients (B). Limit of detection for the IL-1Ra radioimmuno- 
assay was 125 pg/ml (f = dead). 



with patients with uncomplicated AMI, and the 
time course was more variable than that of TNF 
(Fig. 1) and IL-IRa (Fig. 2). Indeed, some patients 
in the group with severe AMI had a long-lasting 
increase in sTNFRtl level (Fig. 3A). In the control 
group, sTNFRtl levels were undetectable (<125 pg/ 
ml) in 4 of 5 patients (Table 2). 

DISCUSSION 

Our data prove that TNF is present at high levels 
only in patients with AMI complicated by severe 
impairment of left ventricular function at entry; no 
TNF is detected in those without severe impair- 
ment. The circulating TNF levels were present for 
no more than 24 h after onset of symptoms. As 
compared with results of a previous study (2), TNF 
peaked much earlier (<12 h vs. 48-84. h after onset 
of pain), possibly because all our patients had been 
thrombolyzed early after onset of symptoms, ac- 
cording to the recommended therapeutic guidelines 
for AMI. 

Our data probably reflect a different phenomenon 
from that described by Levine and colleagues (3). 



They reported high circulating levels of TNF in the 
bioassay at only one time point in the life of patients 
with cardiac cachexia. 

Peak TNF. levels observed in severe AMI pa- 
tients are higher than those observed in human vol- 
unteers injected with a pyrogenic dose of endotoxin 
(19). On the other hand, IL-8 induced at levels com- 
parable to those of TNF in human volunteers in- 
jected with endotoxin was not detected in AMI pa- 
tients. We may have missed the peak for this cyto- 
kine and, even for patients with the shortest time 
between symptoms and admission, the levels may 
already have returned to basal at the first time 
point. This is unlikely, however, because published 
data on kinetics indicate that IL-8 is induced, at 
least by endotoxin, with a kinetics similar to that of 
TNF and at almost identical levels (19). Therefore, 
the increase in plasma TNF in AMI patients prob- 
ably reflects a stimulation acting with a mechanism 
different from that of endotoxin. Hypoxia can act as 
a TNF inducer (9), but other biochemical pathways 
can be important in production of TNF, including 
increase in intracellular cyclic GMP (20), platelet- 
activating factor (21), lactic acidosis (22), and a- 
adrenoceptor stimulation (23). TNF can be pro- 
duced by a variety of cells, including monocytes- 
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macrophages, endothelial cells, mastocytes, and 
many others, and the mechanism of induction might 
be different for the different cell types (4). How- 
ever, because all the processes described might be 
activated in all types of AMI, independent of severe 
left ventricular dysfunction, the difference we ob- 
served in TNF production cannot be easily ex- 
plained, although high circulating TNF may reflect 
the intensity of shock in the severe AMI group. 

The induction of IL-IRa and sTNFRtl we report 
is in agreement with data from a growing body of 
literature indicating that cytokine inhibitors are in- 
duced under the same pathologic conditions in 
which cytokines themselves are induced. One ob- 
vious implication for this finding is that, when one 
constructs hypotheses regarding the possible patho- 
genetic role of a cytokine, one should also measure 
the levels of the respective inhibitor. This suggests 
at least two possible sites for pharmacologic inter- 
vention, i.e., inhibition of TNF production or stim- 
ulation of TNF-receptor shedding. 

In consideration of the proinflammatory actions 
of TNF, its production might be important in defin- 
ing the pathogenesis of AMI-associated inflamma- 
tion (9). Indeed, a case of AMI in a cancer patient 
treated with TNF was reported, possibly indicating 
a direct pathogenetic role of TNF in AMI (24). This 
hypothesis is supported by the observation that pro- 
tection by TGF-0 from AMI damage in rats is me- 
diated by its inhibitory action on TNF production 
during ischemia (10). More recently, pretreatment 
with TNF was shown to protect rats against myo- 
cardial ischemia/reperfusion injury (25) (assessed 
by increase lactate dehydrogenase release from per- 
fused hearts), probably by induction of manganous 
superoxide dismutase. This is consistent with the 
hypothesis that TNF might be a mediator of myo- 
cardial ischemia/reperfusion injury since TNF in- 
duced desensitization to a second challenge with a 
lethal dose of TNF (26). Further studies will be re- 
quired to seek (a) a relation between TNF and other 
biohumoral indexes of AMI extension and/or sever- 
ity, (b) effects of pharmacologic interventions on 
TNF production, (c) effects of reperfusion/ 
thrombolysis, and (d) the prognostic meaning of cir- 
culating TNF levels. In this regard, we should re- 
member that antagonists or inhibitors of TNF are 
available for clinical studies in patients with septic 
shock syndrome. Furthermore, it is important to 
consider the possibility that TNF production or its 
activity might be modulated with drugs recom- 
mended after AMI. In particular, nonsteroidal ^nti- 
inflcmmntcry ctgents hstvc been sh.o w n f n note.ntiatf* 
TNF production by inhibiting prostaglandin- 
mediated negative feedback (19). Heparin infusion 
in human volunteers was reported to induce the re- 
lease in circulation of a soluble form of the TNF 
receptor (27) and soluble TNF receptors are effec- 
tive inhibitors of TNF of therapeutic interest, as 



shown by their protective effect in animal models of 
TNF-mediated toxicity (13). 
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Abstract 

Thromboembolism is a prominent but poorly understood fea- 
ture of eosinophilic, or Loeffler's, endocarditis. Eosinophil 
(EO) specific granule proteins, In particular major basic pro- 
tein (MBP), accumulate on endocardial surfaces in the course 
f this disease. We hypothesized that these unusually cationic 
proteins promote thrombosis by binding to the anionic endothe- 
lial protein thrombomodulin (TM ) and impairing its anticoagu- 
lant activities. We find that MBP potently (IQo of 1-2 uM) 
inhibits the capacity of endothelial cell surface TM to generate 
the natural anticoagulant activated protein C (APC). MBP 
also Inhibits AFC generation by purified soluble rabbit TM 
with an IQq of 100 nM without altering its apparent K 4 for 
thrombin or K m for protein C. This inhibition is reversed by 
polyanions such as chondroitin sulfate E and heparin. A TM 
polypeptide fragment comprising the extracellular domain that 
includes its naturally occurring anionic glycosaminoglycan 
(GAG) moiety (TMD-105) is strongly inhibited by MBP, 
whereas its counterpart lacking the GAG moiety (TMD-75) is 
not. MBP also curtails the capacity of TMD-105 but not TMD- 
75 to prolong the thrombin clotting time. Thus, EO cationic' 
proteins potently inhibit anticoagulant activities of the glycosy- 
lated form of TM, thereby suggesting a potential mechanism 
for thromboembolism in hypereosinophilic heart disease. (/. 
Clin. Invest. 1993. 91:1721-1730.) Key words:. Eosinophils •:• 
thrombomodulin * glycosaminoglycan • cationic protein • major^ 
basic protein • eosinophil peroxidase • eosinophil cationic protein - 

Introduction 

Peripheral blood eosinophilic irrespective of its cause, is fire-) 
quently complicated by a morbid and potentially lethal form of v 
endocarditis characterized by eosinophils (EOs)' adhering to J 
and infiltrating the endocardium, mural thrombosis, endocar- ; 
dial damage, and embolism (1,2). Such eosinophilic endocar-: 
ditis may lead rapidly to death from thromboembolic compli- 
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cations, evolve over months or years to cause progressive endo- 
cardial and myocardial damage culminating in congestive 
heart failure, or resolve over years leaving residual endomyo- 
cardial fibrosis ( 1-3). This unusual form of endocarditis, al- 
though rare in temperate climates, causes 10-20% of all cardiac 
deaths in tropical Africa and Southeast Asia, where chronic 
hypereosinophilia, caused by endemic parasitic infestations, is 
common (4). 

Mechanisms underlying the pronounced thromboembolic 
diathesis that characterizes both the acute and chronic phases 
of eosinophilic endocarditis are poorly understood. However, 
EO granule proteins have been implicated in the pathogenesis 
of this disorder. EO-specific granules are comprised almost en- 
tirely of four unusually cationic (pi > 1 1 ) proteins (major basic 
protein [MBP], eosinophil peroxidase [EPO], eosinophil cat- 
ionic protein [ECP], and eosinophil-derived neurotoxin. 
[EDN] ) that function as potent but nonspecific cytotoxins (re- 
viewed in references). Patients with eosinophilic endocarditis 
have degranulated circulating EOs (6) as well as high (up to 
micrometer) scrum levels of MBP ( 7). Moreover, endomyo- . 
.. cardial biopsies taken at various stages of this disease uniformly 
demonstrate dense endocardial and small vessel endothelial 
surface deposition of MBP (8), ECP (8), and EPO (9). 

Endothelial ( 10) and endocardial ( 10) cells actively partici- 
pate in maintaining an anticoagulant, surface, in part through M 
their expression of the 105-kD transrnembra 
v. bomodulin ( T M ) ( 10^1 2 y. Endothelial cell surface TM exerts 
; ahantia^jahte^ i2]) binding 

circulating' thrombin i to (a) curb its fibrinogen-cleaving activ- 
; ity, (b) ^tentiate the interaction of antithrombin III with 
> thrombin, and (c) alter the substrate srjedfidty of thrombin, , 
: accelerating greatly its proteolytic activation of circulating pro- ■ 
teih C to activated protein C (APC). APC, in turn, is a power- * 
ful anticoagulant serine protease that, in conjunction with pro- 
tein S, terminates the procoagulant activity of Factors Va and 
VIHa ( 10-12). Of note, the complete TM molecule is quite 
anionic (pi 4 [13]), in part because of extensive posttransia- 
tional glycation of the large extracellular domain of TM with 
an unusual hypersulfated, chondroitin sulfate E-like moiety 
, ( 14-20). This bulky polyanionic domain strongly influences 
all three known anticoagulant functions of TM ( 14-23). 

We hypothesized that eosinophilic cationic granule pro- 
teins deposited on endocardial and endothelial surfaces bind 
electrostatically to the anionic extracellular domain of TM, 
impair TM anticoagulant Junction, and thereby contribute to 
the prominent thromboembolic diathesis that typifies eosino- 
philic endocarditis. To test this hypothesis, we determined the 
effect of purified human EO granule proteins upon the ability 
of endothelial cell-bound TM, isolated full-length TM, and the 
extracellular domain of TM to generate APC and impair the 
fibrinogen-cleaving activity of thrombin. 
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Methods 

Materials 

Chromogenic substrates S-2366 and S-2388 were obtained from Kabi 
Vitrum (Franklin, OH). Benzamidine-free bovine protein C and anti- 
thrombin i III were obtained from Enzyme Research Laboratories, Inc. 
(South Bend, IN). Bovine plasma thrombin (2»500 NIH units/ mg 
protein), cycloheximide, porcine rib cartilage chondroitin sulfate A, 
and Hepes were obtained from Sigma Chemical Co. (St Louis, MO). 
Hanks* buffered salt solution and Dulbecco*s modified DMEM me- 
dium were obtained from Gibco BRL Life Technologies Inc. (Grand 
Island, NY ). Squid cartilage chondroitin sulfate E, super special grade, 
was obtained from Seikagaku America, Inc. (Rockville, MD). Puri- 
fied, detergent-solubilized rabbit thrombomodulin and Gla ( 7-carbox- 
yglutamic acid)-domainless protein C were generously provided by 
N. L and C. T. Esmon (Oklahoma Medical Research Foundation, 
Oklahoma City, OK). The eosinophil granule basic proteins MBP, 
EPO, ECP, and EDN were purified to physical homogeneity from 
granule preparations derived from EOs of patients with hypereosino- 
philic syndrome as previously described (24-26). Human thrombo- 
modulin TMD-105 and TMD-75 were kindly provided by John Par- 
kinson (Eli Lilly and Co., Indianapolis, IN). Human umbilical vein 
endothelial, porcine aortic endothelial, and human aortic endothelial 
cells were obtained from collagenase-treated blood vessels as previously 
described (27 ) and maintained in DMEM supplemented with penicil- 
lin, streptomycin, i^glutamine, and 15% heat-inactivated FCS (Gibco, 
Grand Island, NY). Cells were grown to confluence and used for exper- 
iments ~ 1 wk after initial seeding. 

Methods \ 
Immunojluorescent localization of major basic protein in cardiac sec- 
tions. Formaldehyde-fixed and parafin-embedded tissue microtome 
sections were obtained at autopsy from a 70-yr-o!d male with clinical 

: eosinophilic endocarditis and hypereosinophilia related to the presence 
of a pulmonary carcinoma that secreted a potent eosinophilopoietic 
factor, as we have previously described (28). Sections were stained for 

1 the presence of MBP using a polyclonal rabbit anti-MBP antibody and 
visualized by indirect immunofluorescence using a goat anti-rabbit IG 
antibody conjugated with FITC as previously described ( 29 ) . As a con- 
trol, serial sections were stained with protein A affinity-purified normal 
rabbit IgO and showed no fluorescence, v ; v> • ■ 1 / . - v :.\ 

-> \ Assay of APC generation by endothelial monolayers. Tissue culture r 
medium was aspirated from endothelial monolayers, which were then ; 
washed three times with H/H buffer (Hanks* buffered salt solution 
supplemented with I mM magnesium and calcium and 20 mM Hepes 
buffer, pH 7.4). Monolayers were overlaid with 200 /il of either H/H 
buffer or H/H containing increasing concentrations of MBP. Preiimi- 
nary experiments established that the inhibitory effect of MBP on APC 
generation by endothelial monolayers was already maximal by 10 min. 
To ensure that the MBP/TM interaction was complete, however, 
monolayers were exposed to MBP for 30 min. Supernatant buffer was 
then aspirated and the monolayers subsequently washed two times in 1 
ml of 37°C H/H and overlaid with 500 id of H/ H supplemented with 3 
mM CaCI 3 , 500 nM protein C, and 1 .5 riM thrombin. Plates were then 
incubated at 37°C for 90 min, whereupon APC generation was termi- 
nated by the addition of 20 p\ of 6 pM antithrombin III, vortexed and 
incubated 5 min further. This 90-min incubation, based on the work of 
others utilizing endothelial cell monolayers (23, 30, 31), is necessary to 
obtain optimal sensitivity. APC generation is linear over the 90-min 
incubation period ( not shown ). The resulting mixture was then briefly 
ctntriiuged to remove cellular debris and transferred to a cuvette con- 
taining 0.400 ml of 0.1 molar Nad, 0.02 molar Tris, pH 7.4, and 0.1% 
BSA and 50 id of either S-2238 or S-2366 (both at 400 nM final). The 
initial APC generation was then assayed spectrophotometries by 
conversion fthechromogenic substrate at 405 nM in a 37°C spectro- 
photometer cell based on the initial rate of optical density change. 
Negative controls consisted of empty plastic wells treated in a parallel 



fashion. Values obtained from these controls was then subtracted from 
the rates measured for wells containing m nolayers. 

Endothelial celt monolayer regeneration of APC-generating capac- 
ity after washout of MBP with intact or impaired protein synthetic capac- 
ity. 1 -cm 2 monolayers ( 48-well plate ) of porcine aortic endothelial cells 
were aspirated free f tissue culture medium and washed three times 
with warmed H/H as described above. Wells were then overlaid with 
100 >l of H/H with or without 10 jig/ml cycloheximide, men further 
supplemented with either buffer or 3.3-5 j<M MBP and incubated a 
further 30 min. At this point, monolayers were either washed free of 
unbound MBP and buffer and assayed for APC-generating capacity 
using S-2366 as described above or, alternatively, overlaid with 500 *il 
Iscove's DMEM plus 1 5% FCS with or without the continued presence 
of cycloheximide, as appropriate. At various time points thereafter ( 1- 
16 h), these latter monolayers were then washed free of supernatant 
medium and assayed for APC-generating capacity. By 16 h, both in the 
presence and absence of MBP, the cycloheximide-treated monolayers 
were visibly altered and had low viability as judged by trypan blue 
exclusion criteria, so no data is shown from this time point 

Effect of intracellular hypokalemia upon MBP-mediated inhibition 
of APC generation by endothelial monolayers. 1-cm 3 confluent mono- 
layers of porcine aortic endothelial cells were left normokalemic or 
rendered intracellularly hypokalemic by treatment with nigericin and 
exposure to hypokalemic buffers as described by Larkin et al. (32). 
Tissue culture medium was aspirated from monolayers, which were 
washed either with buffer B ( 15 mM Hepes, 100 mM NaCl, I mM 
CaCl 2 , and 1 mM MgS0 4 ) or buffer B supplemented with 4 mM KC1. 
Monolayers were then overlaid with 500 p\ of normokalemic buffer r 
with hypokalemic buffer containing 4 pM nigericin and incubated 45 
min at 37°C before being washed either with normo- or hypokalemic 
buffer. Monolayers were then assayed for their capacity to generate . 
APC in the presence of 2 nM thrombin, 500 jiM protein C, and 3 mM 
CaCl 2 in potassium-free H/H buffer for 3 h at 3?°C. After quenching 
of APC generation with antithrombin III, APC was quantitated using ' ■ 
the chromogenic substrate S-2366 as previously described. 

Inhibition of rabbit TM APC generation by MBP and EPO. To 50 , 
p\ H/H were added 10jtl30mMCaCI 2 and 10 pi 20 nM rabbit TM and ; 
either IO jiI of H/H buffer or H/H buffer containing various concen- 
trations of MBP or EPO. The solution was vortexed and allowed to 
■ incubate at room temperature for 10 min, whereupon 20 pi o£2.5,pM v 

bovine proteinic and 10 pi of 20 nM bovine thrombin were added, 
: vortexed, and incubated 1 0 mm at 37°C before addition of 10 id pffiO 
jiM AT-IIi; After 5 min more of incubation at 37X, foe entire mixture; < 
( 1 10 fi\) was transferred to a cuvette and 290 id of cuvette buffer con- 
taining 400... riM £2366, CmixedV and assayed for initial rate of APG^ * 
: generation spectrophotometrically at 405 nM;^;> ! r : ; : r AWV*£"; 
EffectidfMBPlotithrornbi^ 
soluble rabbihTM lOfd ofclO.MM rkbbit TM, 10 fd of 15 riiM Ca0 2 , 
and 10 mI of 375 nM MBP were added to wells on a 96-well microtiter 
plate (previously treated with 0.1% Tween 20 detergent and rinsed to 
render surfaces hydrophilic), mixed, and allowed to incubate 10 min at 
room temperature. The plate was then allowed to warm to 37°C and 10 
id of 2.5 mM protein C was added and mixed. 10 pi of thrombin at 
various concentrations was then added, the wells were mixed again, 
and the plate was incubated 10 min at 37°C. During these 10 min of 
incubation the rate of APC generation was constant under these condi- 
tions (not shown). Therefore, APC generated at 10 min represents 
accurately an initial rate of APC generation that was used to calculate 
kinetic parameters, as has been done previously ( 18. 22). 10 fd of 30 
pM AT-III was then added, mixed, and incubated 5 min further at 
3 /"<_". An; generation was quanuuueu by adding 150 fd of cuveue 
buffer containing S-2366 at a final concentration of 400 pM and quan- 
titated by initial rate as assayed at 405 nm on a Thermomax microtiter 
fan P^te reader (Molecular Devices Corp., Menlo Park, CA). An- 
other set of wells was composed as described above with the exception 
that buffer was substituted for the rabbit TM; values obtained from 
these wells were subtracted from those obtained from the wells with 
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rabbit TM at each thrombin concentration to correct for TM-indepen- 
dent cleavage fS-2366 by thrombin. 

Determination of apparent K m of thrombin/rabbitTM complex for 
protein C. 10 *il of 450 nM MBP or H/H buffer was combined with 10 
n\ of 1 2 nM rabbit TM and incubated for 10 min at room temperature, 
whereupon 30 j*l of various concentrations of protein C and I0*il of 0.6 
nM thrombin were added , in a 96-well microtiter plate, mixed, and 
incubated 10 minutes at 37°C Final conditions were 3 mM CaCl 2 » 7* 
nM MBP, and 2 nM rabbit TM. APC generation was terminated by 
addition of AT-IH and assayed using S-2366 as above. 

Kinetics of MBP interaction with TM '-dependent APC generation. 
Data from Rg. 5 were analyzed with nonlinear regression analysis ( Sta- 
tistics, Version 5.2, SYSTAT Inc., Evanston, IL) to avoid the hazards 
of!incaranalysisielatedtociTordistribution(33). Data shown are plus 
or minus standard deviation. 

Potyanion reversal of MBP impairment of rabbit TM. 10 $d of 10 
nM rabbit TM was combined with 10 ii\ of 1 fiM MBP in a 96-well plate 
microtiter well and incubated 10 min at room temperature, subsequent 
to which 10 m1 of various concentrations of chondroitin sulfate A, 
chondroitin sulfate E, or heparin or H/H buffer was mixed in and the 
resulting mixture incubated 45 min further at 37°C. 10 pi of 2.5 pM 
bovine protein C and 1 0 n\ of 10 nM bovine thrombin were then added, 
mixed, and incubated 10 min before addition of AT-III and assay of 
APC generation as described above. The final calcium concentration 
was 3 mM. 

Effect of MBP on APC generation by human TM fragments, TMD- 
705, and TMD-75. 20 *tl of 2.5 uM bovine protein C, 40 pA of H/H 
buffer, and 10 jil of 20 nM TMD-75 or TMD-105 were mixed with 10 
ii\ of either buffer or the indicated concentration of MBP and 10 mI of 
50 mM CaCI 2 , then incubated 5 min at room temperature. The speci- 
. men was warmed to 37°C in a water bath and 10 /il of 20 nM bovine 
thrombin was added to initiate generation of APC. After 10 min, the 
reaction was terminated with AT-III, incubated 5 min ; and assayed for 
APC using the chromogenic substrate S-2366 in a final volume of 500 
ii\ in a I -cm cuvette. The values obtained from TM-free controls were 
subtracted from each data point. Final conditions were 500 nM bovine 
protein C, 2 nM bovine thrombin, 2 nM thrombomodulin, and 5 mM 
calcium. 

MBP interactions with the capacity ofTM to prolong the thrombin 
clotting time. All reagents were made up in H/H pIusO. 1 5% Lubrol PX 
supplemented with 1.25mMCaCl 2 : 100 pi H/H was mixed with 60 itV ; 
of 100 nM TM ( either rabbit TM, TMI> 105, orjMQ^? ) and 30 y\ of j 
MBP at 10 times its final concentration (0.5 or 1.0 ^M), mixed, and. 
incubated 10 min at 37°C. 30 it\ of 50 nM bovine thrombin was then L r 
. added and the mixture incubated 10 rain further at 37 °C subsequent to ; >■ 
* mixing with 60 jri of 10 mg/ml of fibrinogen and initiating the throm- : ■ 
bin clotting time. Formation of clot was determined in a fibrometer . 
(Becton Dickinson and Co:, Cockeysville, MD). Each determination. v . 
was made at least in triplicate. ■ 

Results 

As shown in Fig. 1 , endocardial surfaces can accumulate dense 
deposits of eosinophil cationic granule proteins even at the ear- 
liest stage of eosinophilic endocarditis, before morphologically 
evident damage to endocardium occurs. Fig. 1 A shows a he- 
matoxylin-and-eosin-stained section of tissue specimen ob- 
tained from the right atrial wall of a 70-yr-old male who devel- 
oped high grade hypereosinophilia and eosinophilic endocardi- 
tis caused by a pulmonary carcinoma that secreted a potent 
eosinuphilopoietie factor, as we have previously described 
(28). The right atrial endocardial wall appears normal al- 
though the lumen is in part obliterated by a cellular clot (la- 
beled C), which is composed almost entirely f EOs and has 
apparently detached from the endocardium (labeled £) during 
the fixation process. Fig. 1 B shows a serial tissue seed n 



stained for the presence f MBP by indirect immunofluores- 
cence. Note the bright endocardial MBP depots, the staining 
intensity of which rivals that fintactEO granules in the adja- 
cent cellular clot 

To model the endocardial deposition ofECPs seen in eosin- 
ophilic endocarditis, we exposed intact endothelial monolayers 
from three sources to MBP -or a buffer con trbl for 30 min, 
washed away unbound MBP, then assayed their capadty to 
support generation of APC in the presence of thrombin and 
protein C. After exposure to MBP, immunofluorescent stain- 
ing of MBP-treated, but not bufFer-treated, monolayers with 
anti-MBP antibody demonstrated bright ceil sur^m and ma- 
trix MBP localisation (not shown). As shown in Fig. 2, MBP, 
the predominant constituent of EO-spedfic granules (50% of 
total protein [ 34] ), potently inhibits TM-dependent APC gen- 
eration by porcine aortic, human umbilical vein, and human 
aortic endothelial monolayers. The 50% inhibitory concentra- 
tion (ICso) is 0.5-2 mM, within the range of MBP found circu- 
lating in the serum individuals with high grade eosinophilia 
(35). At concentrations > 5 pM MBP there is no discernible 
APC generation. This complete abrogation by MBP of the abil- 
ity of endothelial cells to support thrombin-dependent APC 
generation is not attributable to a direct cytotoxic effect of 
MBP on endothelial cells, interference with the a^ytOT^Al^, 
or proteolysis of cell surface TM by protea^ cohtam 
our MBP preparation because i in exrjeriments riot shown we 
found that: 1) treatment of endothelial cell monolayers with 
MBP at concentrations up to 10 pM had no effect on mono- 
layer integrity as assessed morphologically or as quantitated by 
sl Cr release; 2) virtually identical results were obtained when 
MBP was not washed out before assay of AFC and addition of 
MBP to APC did not interfere with its detection by chromo- 
genic substrate; and 3 ) preparations of purified rabbit TM and 
fibronectin incubated 0.5 h in the presence of high concentra- 
tions of MBP showed no evidence of proteolytic digestion by 
PAGE. In addition to MBP V two other cationic.EO granule 
proteins, EPQ and ECP (reprei^ 

boxes designated EPO and^ thrombin-ide- 
pendent APC generation i by porcine endothelial monolayers, 
in the case pf EPO even more potently than MBP In contrast, . 
BSA at these concentrations had no 1 effect upon APC genera- 
tion by endothelial monolayers? ThusytKetta 
proteins comprising EO-specifx granules are all potent inhibi- 
tors of TM-dependent APC generation by endothelial mono- 
layers. * * - . 

To assess the durability of MBP inhibition of endothelial 
monolayer TM function as measured by APC generation and 
its potential reversibility, we assayed APC generation by mono- 
layers previously treated with nearly 100% inhibitory concen- 
trations of MBP, thoroughly washed, then further incubated in 
complete tissue culture medium including 10% FCS in either 
the presence or absence of 10 Mg/ml cycloheximide to inhibit 
protein synthesis. Fig. 3 shows the results of two such experi- 
ments, the first using 3.3 pM MBP and the second 5 pM MBP. 
In the first experiment, MBP-treated endothelial monolayers 
without cycloheximide (B) regenerate Mflh ot their capacity to 
activate protein C 2 h after MBP washout, increasing to 46% by 
5 h and 88% after 16 h. By contrast, MBP-treated monolayers 
incubated in the presence of cycloheximide (A) recover nly 
1 0% of their activity by 5 h. Over this period cycloheximide has 
no significant effect upon the APC generation capacity of 
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Figure I. Immunofluorescent localization of MBP in the endocardium of a patient with eosinophilic endocarditis. (A) Hematoxylin-and-eosin 
section of right atrium: X400. £, endocardium: C, clot comprised of proteinaceous material and intact EOs. (B) Serial section stained for pres- 
ence of MBP using indirect immunofluorescence. X400. 



monolayers not treated with MBP. By 1 6 h, however, the cyclo- pletely than in the first experiment, but cyeioheximide-treated 

heximide-treated preparations are nonviable, thus making monolayers (A) remain nearly completely inhibited through 8 

meaningful comparisons impossible. In a second experiment h. Thus, inhibition of endothelial surface TM activity resulting 

performed using 5 mM MBP, monolayers incubated in the ab- from a single exposure to MBP lasts 8 h in the absence of 

sence of cycloheximide (□) recover more slowly and less com- protein synthesis; however, partial or even complete reexpres- 
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Figure 2. Impaired APC generation by endothelial monolayers ex- 
posed to cationic EO granule proteins. 2-cm 2 endothelial cell mono- 
layers of the indicated derivation were exposed 30 min to 200 vt of 
H/H buffer supplemented with the indicated concentrations of MBP, 
thoroughly washed, and assayed for their capacity to support throm- 
bin-dependent activation of protein C in the presence of I mM cal- 
cium, 500 nM protein C, and 1.5 nM thrombin over 90 min at 37°C 
APC was then quantitated using the chromogenic substrate S-2366, 
as described in Methods, o, porcine aortic endothelium; b, human 
umbilical vein endothelium; a, human aortic endothelium. For por- 
cine aortic endothelium only, data are shown for single concentra- 
tions of ECP and EPO in the open boxes so labeled; Data are shown 
±standard deviation. - ; • l \ . 



sicn of surface TM activity occurs ir^cells with intact protein 
synthetic capacity. ^ ^. , :; 

These results, suggest that de novo synthesis and surface 
expression of TM is required Tor MBP-treated endothelial 
monolayers to ^recover TM runctioni Two potential mecha- 
nisms underlying trie initial inhibition by MBP include dura^ 
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Figure 3. Recovery of APC generation capacity by porcine aortic en- 
dothelial cells: time course and requirement for intact protein syn- 
thetic capacity. Results of two experiments are shown. In the first, 
1-cm 2 monolayers of porcine aortic endothelial cells were exposed 90 
min to 3.3 MBP (■ ) or 3.3 mM MBP with 10 >g/mt cyclohexi- 
mide (▲ ), then thoroughly washed with H/H buffer. One set of ' 
monolayers from each treatment group was then assayed immediately 
for APC generation capacity by incubating 90 min in the presence 
of 500 nM protein C and 0.25 nM thrombin (T = 0 at time of wash- 
out ). Other sets of monolayers were overlaid with 500 mL of Iscove's 
DMEM with 15% FCS with (a ) or without (■) cycloheximide 
(CHX). These monolayers were washed and assayed for APC gener- 
ation capacity at various time points hours after washout APC gen- 
eration is expressed as a percentage of that bf control monolayers first 
exposed to, then further incubated in MBP-free butlers with or wittt " 
put CHX, as appropriate. At 16 h CHX-treated monolayers were 
nonviable; therefore, data for these points are not shown: In the sec- 
ond experiment the protocol was identical except that monolayers 
were treated with ^ 
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exposure to 10 pM MBP \ 
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^tq^nigerici^ 

^6f endocytosis ( 32), also blc^ ' T , 

icell snrfaw TM function^Ai show EMt¥ Hypokalemia on ^ 

intracellular potassium using tte 

protocol had no effect on the ability of MBP to inhibit endothe- 
lial monolayer generation of APC in the presence of thrombin. 
This result suggests that MBP inhibits endothelial cell surface 
TM activity by blocking the function of TM in situ rather than 
by inducing endocytosis. 

If EO cationic granule proteins impair APC generation of 
intact monolayers by interacting directly with TM, then these 
same proteins should inhibit isolated TM in solution as well 
We therefore measured the effect of MBP, EPO, and ECP on 
APC generation in solutions containing purified full-length 
rabbit lung TM. As shown in Fig. 4, MBP is a potent inhibitor 
of APC generation with an IC W of 100 nM. EPO, the toxicity f 
which is typically ascribed to its peroxidase catalytic activity, 
is also an effective inhibitor of APC generation despite the ab- 
sence of any hydrogen peroxide substrate, with an IC*, of only 
10 nM, 10-fold less than that of MBP. Similarly, ECP inhibits 
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I -cm 2 confluent monolayers of porcine aortic endothelial cells were 
either left normokalemic or rendered intraceUularly hypokalemic by 

*- * --»* —' —J ■ , __- Till— ■ — a-nflr*—. H 

described in Methods. Normo- and hypokalemic monolayers were 
further exposed to, respectively, poiassium<ontaimng or -free buffers, 
each either with or without 10 pM MBP. Monolayers were then 
washed and assayed for APC-gencrating capacity over 3 h in the 
presence of 500 nM protein C and 2 nM thrombin. Values are 
means±SD. 
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Table IL APC Generation Kinetics of MBP Interaction with TM 



1000 



nil protein 



Figure 4, Inhibition of soluble rabbit TM APC generation by MBP 
and EPO. 2 nM rabbit TM was incubated with the indicated concen- 
trations of cationic protein for lOmin before the addition of 500 nM 
protein C and 2 nM thrombin at a final calcium concentration of 3 
mM, then assayed for APC generation, o, EPO; ■. MBP. 100% = 230 
mOD/min at 405 nm. Data are shown ±standard deviation. 



To ascertain the mechanism whereby MBP inhibits APC 
generation by the thrombin/ TM complex, we determined the 
effect of 75 nM MBP (a 65-75% inhibitory dose) on the appar- 
ent Ka of rabbit TWl for thrombin and the apparent tf m of 
protein C for the thrombin/TM complex. As shown in Fig. 5 
A .this concentration of MBP decreases the of APC genera- 
tion with respect to thrombin to approximately one-third that 
of untreated rabbit TM. Similarly, as shown in Fig. 5 B 9 this 
concentration of MBP also significantly decreases the of 
APC generation with respect to protein C These impressions 
were confirmed by nonlinear kinetic analyses of these data, 
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{thrombin] (nM) 




Figure 5. Effect of MBP 
. on thrombin and pro- . 
• tein'C dependence of- 
^-'^Ipr^n-C'^yatioh by 
/; v rab^ , 
, v Uons containing 2 nM.,.'. 
-'v^n^tra^miheu^' 
teted in the absence (□) 
or presence (•) of 75 
nM MBP for 10 min. . 
before assaying the APC 
generation in the pres- 
ence of 3 mMCaCl 2 
and the indicated con- 
centrations of thrombin. 
Each data point repre- 
sents the mean of qua- 
druplicate determina- 
tions. Data are shown 
±standard deviation. 
(B) Solutions contain- 
ing 2 nM (final) rabbit 
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thrombin 
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for 
protein C 


for protein C 




nM 




MA/ 


mOD 403 /min 


Rabbit TM 


0.76±0.03 


!I6±2 


1I.0±2.5 


209*26 


Rabbit TM 










+75 nM MBP 


0.60+0.05* 


31±l* 


8.7±3.5 


66±I9* 



6 10 

[protein C] (u&S) * nc presence or absence 

of75nMMBPforl0 
min before addition of the indicated concentrations of protein C and 
0.1 nM thrombin and assayed for APC generation. Each data point 
represents the mean of triplicate determinations. Data are shown 
± standard deviation. 



Values are means±SD. 
* Pvs.no MBP < 0.05 



summarized in Table II. MBP causes a statistically significant 
but minor decrease in the apparent K 4 for thrombin while caus- 
ing a pronounced decrement of to ~ 25% of its control 
value. 75 nM MBP does not significantly alter the apparent K m 
of the thrombin/TM complex for protein C, though our data 
do not rule out the possibility of a small change. In contrast, the 
V mMx of APC generation with respect to protein C is diminished 
to 3 1 % of its control value in the presence of this concentration 
of MBP. These data suggest that MBP inhibits APC generation 
. by the rabbit TM complex without materially affecting appar- 
ent thrombin binding to TM or protein C binding to the 
thrombin/rabbit TM complex. Instead, MBP functions pri- 
marily as a noncompetitive inhibitor that impairs the catalytic 
efficiency of the complete thrombin/TM/protein Ccomplex. 
; % We hypothesized that inhibition by EO granule proteins of 
TM-dependent APC generation reflects an electrostatic inter- 
, action between these extremely cationic proteins and the an- 
ionic TM rriolecule, in particular the large Olinked glycosami- 
noglycan (GAG) moiety located just external to a hydrophobic 
transmembrane sequence ( 10-12, 14-20). This unique GAG 
: is comprised of.chondroitin sulfate-like dissaccharides, some 

Jonj^ 

- ; dis^hfl)^^ MBPmi^ 
^ JM at such a highly anionic site, We predicted that rwi^hipnic 
; ^bstan^ 

1 fate^ inactivation of ^^PC^ 

V generationL :> ^ ■■ , - 

In preliminary experim shown, we demonstrated 

that heparin (3 sulfates/disaccharide), chondroitin sulfate A 
(I sulfate/oUsaccharide), and the hypersulfated chondroitin 
sulfate £ ( 1.3 sulfates/disaccharide), when present before the 
addition of MBP^ could ail effectively block MBP inactivation 
of rabbit and endothelial cell APC generation. Such apparent 
blockade might, however, simply reflect polyanton precipita- 
tion of cationic MBP, thereby preventing its interaction of TM. 
We therefore asked instead whether these polyanionic sub- 
stances could rejuvenate the activity of TM previously inacti- 
vated by MBP. As shown in Fig. 6. chondroitin sulfate E and 
heparin, and, to a lesser extent, chondroitin sulfate A, partially 
restore the activity of rabbit TM nearly completely inactivated 
by prior exposure to 200 nM MBP. A hierarchy of efficacy is 
evident in which heparin > chondroitin sulfate E > chondroi- 
tin sulfate A, so that hypersulfated chondroitin sulfate E, which 
closely resembles the GAG moiety f rabbit TM, more effec- 
tively reverses MBP blockade of TM function than does "con- 
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F/gwre 6. Polyanion re- 
versal fMBP impair- 
ment of rabbit TM 
A PC-genera ting activ- 
ity. Aliquots f soluble 
rabbit TM were exposed 
IOto200nMMBPfor 
10 min t then incubated 
further in the presence 
or absence (buffer con- 
trol) of the indicated 
polyanionic substance 
for another 30 min before assaying APC in the presence of 2 nM 
thrombin as previously described. o, chondroitin sulfate A; a, chon- 
droitin sulfate E; a, heparin. 



ventionally" sulfated chondroitin sulfate A. The most anionic 
polysaccharide, heparin, is also the most effective at reversing 
MBP inhibition ofTM. 

To investigate directly the role of the TM GAG domain in 
MBP inhibition of TM function, we used a pair of recombinant 
human TM mutant proteins, both containing the entire extra- 
cellular domain and differing only in the presence or absence of 
the chondroitin sulfate-like GAG moiety ( 19, 20, 22). These 
proteins migrate on SDS-PAGE with apparent molecular 
masses 105 kD (TMD-105) and 75 kD (TMD-75). Fig. 7 
shows the effect of incubating either TMD 105 (GAG + form) 
or TMD 75 (GAG" form) with increasing concentrations of 
MBP before assay of APC generation. In the absence of MBP, 
APC generation was five times as high with TMD-105 as with - 
TMD-75, in agreement with the original description of these 
isoforms ( 22). In the presence of MBP concentrations up to 1 
/iM, APC generation by TM 105 is progressively inhibited with 
an ICso of ~ 100 nM, similar to that of rabbit TM. In striking 
contrast; TMD-75 APC generation is unaffected over this same 
range. M&3 and 10 pM, MBRTMI>105 and TMD-75 hayej ;;; 
nearly identicaJ activities and a^k 

paired TM proteins, then the GAG domain ^ isfa!prer^uisitet 



for MBP inhibili n of APC generation. Moreover, the presence 
of 1-10 mM MBP alters the APC-generating activity of GAG* 
TMD-105 to resemble that of GAG' TMD-75, as though the 
functional influence of the GAG domain on APC generation 
has been negated. 

Because cationic EO granule proteins are potent inhibitors 
of APC generation by the thrombin/TM complex, we deter- 
mined whether these same proteins could also abrogate an- 
other major anticoagulant action of TM, tennination of the 
fibrinogen-cleaving activity of thrombin. As shown in the top 
two lines of Table III, addition of 20 nM TM lengthened the 
thrombin clotting time threefold in the case of rabbit TM and 
fivefold in the case of TMD-105. As expected, the GAG-do- 
mainless variant TMD-75 produced only a slight prolongation 
of the thrombin clotting time (22 ). The addition of 6.5 or 1 fiM 
MBP alone had only a minor effect on the clotting time. How- 
ever, when either rabbit TM or TMD-105 was first incubated 
with these same concentrations of MBP, its ability to prolong 
the thrombin clotting time was severely curtailed. In the case of 
TMD-105, MBP treatment resulted in a slight clotting time 
prolongation nearly identical to that caused by TMD-75 in the 
absence of MBP. The minor prolongation of clotting time in- 
duced by TMD-75 was also partially reversed by exposure to 
MBP, but to an extent only slightly greater than that attnbut- 
able to the effect of MBP itself. Identical results were obtained 
using 300 nM EPO instead of MBP (not shown). 

Discussion \'\ f . 

These studies demonstrate that three cationic EO granule pro- 1 
teins known to accumulate on endocardial and endothelial sur- 
faces in eosinophilic endocarditis, MBP, EPO, and ECP, all 
potently inhibit the capacity of endothelial ceil monolayers to 
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Figure 7. Differential inhibition of APC-generating activity of GAG + 
TMD-105 and GAG" TMD-75 by MBP. Aliquots of either TMD- 
105 or TMD-75 (2 nM final) were incubated 5 min in the presence 
of the indicated concentrations fMBP, then assayed for APC-gener- 
ating capacity after addition of 2 nM thrombin, as described in 
Methods. Data shown are ±standaid deviation. 



Thrombin clotting times were measured using final concentrations of 
5 nM bovine thrombin and 2 mg/ml bovine fibrinogen as measured 
in a fibrometer in H/H buffer supplemented with 0.15% Lubrol PX, 
pH 7.4. The ability of the designated forms of IM to prolong the 
thrombin clotting time was assayed by preincubating thrombin 10 
min in the presence of 20 nM (final) TM before combining the 
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times differ between rabbit and the two mutant human TMs because 
they were assayed in two separate experiments. Where indicated, TM 
was first incubated 10 min in the presence of MBP (0.5 ?M for rabbit 
TM and » *iM for TMD-105 and TMD-75) before addition of 
thrombin, and assay of the thrombin clotting time. Values are 
means±SD of at least triplicate determinations. 
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support thrombin-dependent activation f protein C. Such in- 
hibiti n is not likely a result of internalization or endocytosis of 
surface TM, as apparently happens in the presence of PMA 
(36) or tumor necrosis factor (37, 38), because it occurs rap- 
idly, within 10-30 min (Fig. 2) rather than over 12-18 h, and 
intracellular hypokalemia induced oy nigericin and hypokale- 
mic buffers, a known inhibitor of endocytosis, does not block it 
(Table II). In addition, in experiments not shown we find that 
1 ) after exposure to 10 mM MBP < 10% of the original APC- 
generating activity of endothelial cell monolayers is detected in 
scraped monolayers disrupted by ultrasonication and assayed 
for total (i.e., surface and intracellular) APC-generating activ- 
ity and 2) MBP impairs by 70% the total APC generation of 
endothelial monolayers metabolically inhibited by maintain- 
ing them at 4°C, EO granule protein-mediated inhibition of 
TM activity is not due to an irreversible toxic effect of these 
proteins since such inhibition occurs at sublytic concentrations 
(as detected by 9l Cr-release assay), can fully reverse > 16 h 
after washout of the cationic proteins (Fig. 3), and is not ac- 
companied by release of active TM into supernatant fluid ( not 
shown). Immunohistochemical localization of endothelial cell 
TM after MBP exposure would help establish whether TM is 
internalized after expwure to MBR We have attempted such 
studies using polyclonal goat anti-porcine TM antibodies but 
have been thwarted by problems related to nonspecific binding 
of antibodiet & MBP-treated monolayers. We therefore con- 
dude that MBP inhibition of endothelial TM function reflects, 
at least in part, a direct and durable interaction with TM on the 
cell surface but cannot rule out the possibility that internaliza- 
tion of TM may also play a roie in this phenomenon. 

This conclusion is further supported by the demonstration 
that MBP, EPO, and ECP also inhibit APC generation by puri- 
fied rabbit TM in solution ( Fig. 4 ) . EPO and MBP are particu- 
larly effective in this regard with ICjqS of/ respectively, 100 and 
10 nM, both roughly I Mg/ml, well within the range of concen- 
trations of MBP known (35 ) to circulate in hypereosinophilic 
individuals. The differing IQqS of MBP for inhibition of endo- ^ 
thelial TM as opposed to soluble rabbit TM may be attribut- 
able to such factors as differences in species, glycbsylation sta- ; 
tus, and conformation due to cellular TM being expressed in^ 
;thie context of a complex ex^ r ' 

; surface environment In comparing the potency of MBP TM - 
inhibition with that of other cationic substances, Preissner et al. 
(18) have reported that the ICjo with regard to APC generation 
for the synthetic polycation polybrcne was 1 00 jig/ ml, for pdly- 
L-lysine 3 mg/ml, and for "platelet releasate" 100 Mg/ml. On 
the other hand, Bourin et al. ( 1 7 ) found little or no effect of the 
heparin-neutralizing proteins histidine-rich glycoprotein and 
S-protein in concentrations up to 1,000 nM. This pronounced 
variance in the ability of cationic proteins to inhibit APC gener- 
ation suggests factors other than cationicity alone must play a 
role in this phenomenon. One such factor might be the pres- 
ence in MBP ( 39 ) and EPO ( 26 ) of closely juxtaposed cationic 
and hydrophobic amino acid sequences, a motif common to a 

any case, EO granule proteins are the most potent cationic 
inhibitors fTM APC generation yet described. 

MBP inhibits APC generation by rabbit TM not by increas- 
ing the apparent K d for thrombin or the apparent K m of protein 
C for the thrombin/TM complex, but rather by acting primar- 
ily as a noncompetitive inhibitor. Thus, MBP apparently does 



not interfere with the binding of thrombin to TM, known to 
occur in TM epidermal growth factor-like domains 5, and 6, 
(41, 42) or with binding of protein C to the thrombin/TM 
complex, activation of which requires epidermal growth fac- 
tor-like domain 4 (42, 43). Instead, MBP binds to TM elec- 
trostatically, perhaps to the GAG domain (see below), and the 
presence of TM of this intensely cationic substance may distort 
the normal conformation of the thrombin/TM/protein C 
complex so as to diminish its catalytic efficiency. Posttransla- 
tional 7-carboxylation of protein C does not appear to be criti- 
cal in MBP-mediated inhibition of rabbit TM function, be- 
cause the ICjo for MBP inhibition of APC generation using 
Gla-domainless protein C at 3 mM CaG 2 is identical to that for 
native protein C (data not shown). 

MBP-mediated inhibition of TM APC generation is due to 
a reversible, presumably electrostatic interaction with the TM 
molecule because the activity of MBP-inactivated rabbit TM is 
substantially regenerated by subsequent exposure to polyan- 
ions such as chondroitin sulfate E, heparin, and chondroitin 
sulfate A. In considering potential binding sites for MBP on 
TM, we note that Bourin et al. ( 14) have demonstrated that the 
large O-linked GAG moiety attached to the extracellular do- 
main of TM is comprised of an unusually hypersulfated, chon- 
droitin sulfate E-like moiety. That chondroitin sulfate E ( 1.3 
sulfates/disaccharide unit ) reverses MBP inactivation of rabbit 
TM much more effectively than does chondroitin sulfate A ( 1 
sulfate/disaccharide unit) (Fig. 6) suggests that MBP binds 
TM with an affinity roughly equal to that of MBP for chondroi- 
tin sulfate E and is thus compatible with MBP binding to the 
GAG moiety. Alternatively, the greater negative charge of the 
chondroitin sulfate E and heparin could equally well disengage 
MBP from the TM molecule no matter where it were bound: 

However, our experiments with TMD-105 (GAG* ) and 
TMD-75 (GAG"), paired recombinant human TM proteins 
that differ only in the presence or absence of the GAG moiety, 
directly implicate the GAG in mediating the interaction of 
MBP and JM in two ways. First, wh^^ 
TM ^4^1^ 

^/i00;nM,-TMl>:75 is relativetyunaffededfcy^ 

MBP ( Fjg. 7) 0 T3jusi, presence of the GAQmoietyjs a prerequi-; * 

site for; MBP in^ 

TfAb; Moreover, at concentrations of MBP > 10f* M the activ- 
ities of TMD-105 and TMD-75 are identical, suggesting that at 
these higher concentrations MBP obliterates any influence of 
the GAG moiety upon TM, activity, and thereby renders it in 
effect functionally identical to TM-75. Second, in addition to 
impairing APC generation by TM, EPO and MBP also com- 
pletely abrogate the capacity of fully glycosylated TM to pro- 
long the thrombin clotting time (Table III), as do other cat- 
ionic proteins ( I6-18 v 21 ). Others have previously noted that 
the ability of TM to prolong the thrombin clotting time is 
strongly influenced by presence of the GAG moiety, because its 
removal by chondroitinase ABC severely restricts ( 18, 22) the 
capacity of TM to perform this function. Our data confirm the 
nhwrvntinn n.2) that GAG + TMD-105 (and rabbit TM) are 
much more effective than GAG' TMD-75 in this regard and 
further demonstrate the differential sensitivity of these related 
forms of TM to inhibition by MBP. As with APC generation, 
the presence of MBP converts GAG + TMD-105 to function as 
GAG-TMD-75. That is, in the presence of MBP, TMD-105, 
atone very effective, prolonged the thrombin clotting time to 
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the same min r extent as TMD-75 does in the absence of MBP. 
In aggregate, these data suggest that functional inhibition of 
soluble TM by ECPs is primarily mediated through interac- 
tions with the anionic GAG moiety, interactions that mitigate 
its influence on TM anticoagulant acti ns. 

Based on these findings, we propose that in hypereosino- 
philic states ECPs accumulate in endocardium and endothelial 
surfaces, bind electrostatically to anionic TM , impair its antico- 
agulant functions, and thereby promote thrombosis. We recog- 
nize, however, that but short-term studies, performed in the 
absence of plasma, may not accurately reflect in vivo condi- 
ti ns in a person with high grade eosinophilia. MBP, for exam- 
pie, circulate* in part as a mixed disulfide linked to serum pro- 
teins ( 35 ) so that free concentrations are lower than the micro- 
molar concentrations of total MBP actually measured (35 ) in 
the serum of such persons. Nonetheless, we find that MBP 
inhibits endothelial cell and soluble rabbit TM APC generation 
even in the presence of 33-50% serum, although, as might be 
expected, the IQo are significantly higher at, respectively, 75 
and 25 fiM. Perhaps more directly pertinent to the role of MBP. 
in vivo is the finding that immunofluorescent studies (refer- 
ence 8 and Fig. I ) uniformly demonstrate high concentrations 
of MBP (in fact, concentrations approaching those of intact 

; EO granules) on endocardial and endothelial surfaces of pa- 
tients with eosinophilic endocarditis. Such accumulation of 
ECPs 'may occur either as the result of degranulation of at- 
tached EOs or, alternatively, from progressive adsorption of 
circulating free MBP over weeks or months, a situation diffi- 
cult to replicate in vitro. Of potential relevance in this regard is) 
the finding that MBP inhibition of endothelial monolayer TM 1 
function cannot be reversed by subsequent exposure io buffers 
containing physiological concentrations (40 mg/ml) of BSA 
(data not shown). Therefore, MBP, once bound to endothelial 
TM, is tenaciously attached and cannot be dislodged even by ; 
the most anionic and abundant serum protein. 

> ^ 'iThe prominent thromboembolic diathesis that character-; 

^izes epsinophilic endocarditis is likely a complex phenomenon^ 
"a^bable to mechanisms jri addition torECT impairment off 

-TM function. For example, tumor necrosis factor-a, a cyto^- 
kine that exhibits ^eatly elevated serurn levels in parasitic in^ 

'festatibhs'assbdat^ eosinophilia (44) increases^ ' 

procoagulaht tissue factor ( 37 ) and decreases TM expression ini 
vascular endothelium (37, 38), and, as we have previously r 
shown, renders endothelium more vulnerable to damage by 
activated EOs (45). ECP accelerates coagulation through a 
Factor XH-dependent mechanism (46). Moreover, both MBP 
and EPO evoke nonlytic platelet secretion of serotonin, a-gran- 
ule, and lysosomal proteins with an ECso of 20-30 Mg/ml (47), ; 
a range similar to that in which we demonstrate inhibition of 
TM-dependent APC generation by intact endothelial mono- 
layers (Fig. 2). Finally, subtle damage to endothelial cell sur- 
faces unrelated to TM and to extracellular matrix wrought by 
reactive oxygen intermediates or ECPs may render these sur- 
faces procoagulant by a variety of potential mechanisms. 



tion. With regard to the second possibility , we have found in 
preliminary experiments that MBP appears to unmask a high 
affinity calcium-binding ate n TMD-105, converting its 
APC-generating calcium concentration optimum to resemble 
that of TMD-75 (22), chondroitin ABC lyase-cleaved TMD- 
105 (20), and elastase-cleaved rabbit TM (48), with maxi- 
mum activity at subphysiologic (0.3 mMj calcium concentra- 
tions. Finally, given the relative potency of "platelet releasate" 
as an inhibitor of TM-dependent APC generation ( 1 8 ) and the 
pronounced similarities of platelet Factor 4 and MBP with re- 
gard to cationicity, heparin binding, and inhibition of angio- 
genesis (49, 50), it will be of great interest to see if platelet 
Factor 4 or some other caticnic component released by acti- 
vated platelets also inhibits TM function of endothelial mono- 
layers, a finding of obvious physiologic as well as pathologic 
relevance. 
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boembolic diathesis that attends hypereosinophilic heart dis- 
ease, our studies further emphasize the importance of the GAG 
domain in TM function, suggest the potential usefulness of 
cationic proteins as tools to study TM structure-function rela- 
tionships, and invite further examination of other potentially 
relevant cationic proteins that might modulate of TM func- 
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The contribution of framework regions (FRs) of antibody-variable domains to idiotype 
expression was studied by examining the interaction of various "humanized" versions of a 
mouse anti-TNFa monoclonal antibody (mAb78) with polyclonal and two monoclonal 
antibodies (mAblG3 and mAb9Fl), generated against the mAb78 idiotype. 

Humanized mAb78, bearing human constant domains and mouse complementarity- 
determining regions (CDRs) inserted with human FRs, was found to be five to sevenfold 
less reactive than mAb78 with polyclonal anti-idiotype antibodies and 200 to 300-fold less 
active in neutralizing TNFoe. The substitution of heavy-chain FRs residues of the 
humanized antibody with original mouse residues 28 to 30, 48 to 49, 67 to 68, 70 to 71, 78, 
80 and 82 progressively restored the immunoreactivity with polyclonal immunoglobulin Gs 
to the level of a version having mouse heavy chain and human light chain FRs, and 
increased 10 to 20-fold the TNFa neutralizing activity. This suggests that at least some of 
these residues are critical for TNFa binding as well as for the expression of idiotopes that are 
strongly immunogenic in syngeneic animals. 

All antibody versions with either human or mouse FRs were able to bind to various 
extents mAblG3, a y-type anti-Id antibody that inhibits mAb78/TNFa interaction by 
paratope blockade. At variance, only the antibody versions containing mouse FRs were able 
to bind mAb9Fl, an a- type anti-Id antibody unable to block the access of TNFa to mAb78 
paratopes. Substitution of heavy chain FR residues 28 to 30 markedly decreased the binding 
of mAblG3 (100 to 1000-fold). This suggests that these antibodies recognize CDR and FR 
idiotopes, respectively, that can be drastically modified by changes in the FRs. 

In conclusion, the results suggest that CDRs as well as FRs markedly contribute to 
antibody Id expression. Although strongly immunogenic idiotopes are probably located 
within the CDRs, the results also suggest that some FR residues are critically involved in 
shaping antibody Id diversity by affecting the structure of CDR-related idiotopes. 

Keywords: monoclonal antibody; humanized antibody; chimeric antibody; idiotype; 

tumour necrosis factor 



The composite collection of antigenic deter- 
minants associated with the variable (V) domains of 
immunoglobulins is called idiotype (Id||). A parti - 
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cular Id can be uniquely expressed by a single 
clonally derived immunoglobulin (private Id) or can 
be shared by different immunoglobulins (cross-reac- 
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tive, public or recurrent Id; Paul & Bona, 1982). 
A network of Id-anti-Id interactions has been 
proposed to play a role in immunoregulation (Jerne, 
1974; Paul & Bona, 1982; Nisonoff, 1991; Rodey, 

1992) ; moreover, anti-Id antibodies have been used 
as reagents in many research and diagnostic 
applications as well as for therapeutic purposes 
(Nisonoff, 1991; Kohler et aL, 1989; Rodey, 1992; 
Poskitt et aL, 1991). The topology of idiotypic deter- 
minants on antibody V-domains and interconnec- 
tions with other idiotopes expressed on B and T cell 
receptors in the idiotypic repertoire is thought to be 
important for the functional properties of anti-Id 
antibodies (Bona, 1988; Nisonoff, 1991; Kohler et 
aL, 1989). A number of studies aimed to character- 
ize the structural basis of idiotypy and the idiotope 
topology have been carried out by low-resolution 
mapping studies based on competitive binding with 
antigens and monoclonal anti-Id antibodies 
(Greenspan & Davie, 1985; Zenke et aL, 1985; 
Streicher et aL, 1986), electron microscopy (Roux et 
aL, 1987), amino acid sequence and mutational 
analysis of Id (reviewed by Greenspan & Bona, 

1993) and crystal structure analysis of an Id-anti-Id 
complex (Bentely et aL, 1990). It has been shown 
that both hypervariable and framework regions of 
heavy and light chains could contribute to idio- 



topes. In particular, studies on idiotope topography 
of one idiotypic system, based on competitive 
binding with monoclonal antibodies, were sugges- 
tive of a linear idiotope map spanning the V-domain 
from the antigen binding site to the vicinity of 
constant (C) domain (Greenspan & Davie, 1985). 

In this work we have investigated the functional 
contribution of FRs to Id expression by examining 
the interactions of anti-Id polyclonal and mono- 
clonal antibodies, developed in syngeneic mice 
against a mouse anti-TNFa neutralizing antibody 
(mAb78) (Barbanti et aL, 1993; Corti et aL, 1993), 
with a series of humanized mAb78 variants having 
partial or complete human FRs. 

Several humanized variants of mouse antibodies 
have recently been described: it has been shown 
that mouse V-domains can be joined with human 
C-domains, to form mouse-human chimeric 
molecules, and that mouse CDRs can be trans- 
planted within human FRs without losing antigen 
(Ag) specificity (Morrison et aL, 1984; Boulianne et 
aL, 1984; Neuberger et aL, 1985; Jones et aL, 1986; 
Brown et aL, 1987; Liu et aL, 1987; Verhoeyen et aL, 
1988; Riechmann et aL, 1988; Hale et aL, 1988; 
Queen et aL, 1989; Mathieson et aL, 1990; Gorman et 
aL, 1991; Tempest et aL, 1991; Co et aL, 1991; Maeda 
et aL, 1991; Kettleborough et aL, 1991). Significant 



Table 1 



Isotype, FRs and TNFa neutralizing activity of mAb78 versions used for Id 

expression studies 







Residues changed 


TNFa neutral. 






in human FRs J 


activity§ 


Versionf 


Isotype 


H chain 


L chain 


(ng/ml±s.D.) 


mAb78 


Mouse IgGl,k 


All 


All 


6*7 + 1*4 


MuVH/MuVK 


Human IgGl,k 


All 


All 


■ ** 7*7 ±2 


MuVH/HuVK 


Human IgGl,k 


All 


None 


9 7± 11 


KuVK(SLTLGLRTK VFtyjHuVK 


Human IgG4,k 


28, 29, 30, 48, 


None 


110 ±8-5 




49, 67, 68, 70, 
71, 78, 80, 82, 
94 






KuVH{SLTLGLRTK)IHuVK 


Human IgG4,k 


28, 29, 30, 48, 
49, 67, 68, 70, 
71, 94 


None 


163 ±30 


HuVH(SLT)/HuVK 


Human IgGl,k 


28, 29, 30, 94 


None 


2400 ±605 


HuVH/HuVK 


Human IgGl,k 


94 


None 


2200 



Experiments for TNFa neutralizing activity measurements. Mouse L-M fibroblasts (ATCC CCL1.2) 
were cultured in Minimum Essential Medium with Earle's salts (Gibco), 5% foetal calf serum (FCS), 
2mM glutamine (MEM-FCS) at 37 °C, in an atmosphere of 5% carbon dioxide/95% air. Anti-TNFa 
antibodies were incubated at various concentrations in the presence or absence of 1 ng recombinant 
TNFa/ml (Esquire Chemie AG, Zurich, Switzerland), for 2 h at 37 °C in MEM-FCS. Each mixture and 
actinomycin D (final concentration, 2 /ig/ml) were then added to mouse L-M cells that had been seeded 
the day uefure at 30,000 wiia/wdi in SO- w oil Hai, ^GvuOrr. pl«tc^ ;r. MEM-FCS. After overnight 
incubation at 37 °C, 5% C0 2 , live cells were stained with 3-(4,5-dimethyl-thiazol-2-yl)-2,5- 
diphenyltetrazolium bromide (MTT) (final concentration, 850 //g/ml) for 4 h. Supernatants were then 
aspirated, dimethyl sulphoxide was added (200 /d/well) and the optical density of each well was read at 
570 nm. The concentration of antibody able to give a cell viability corresponding to 50% of controls 
(without TNFa and with actinomycin D) was taken for comparing the TNFa neutralizing activity of 
humanized antibodies. 

f The preparation and characterization of mouse mAb78 was described previously (Barbanti et aL, 
1993). Chimeric (mouse-human) and reshaped mAb78 versions were prepared, purified and 
characterized as described elsewhere. CDR sequences are identical to those of mAb78 in all versions. 

t Heavy and light chain FR sequences are those of the human antibody HIL and LAY, respectively 
(Kabat et al., 1991). Numbers indicate residues that have been changed with original mouse residues. 

§ Concentration of antibody that neutralizes 50% cytolytic activity of 1 ng TNFa/ml on L-M cells. 
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losses of affinity and biological potency have been 
observed in most cases after CDR grafting, even 
when the human FRs had been selected as the most 
homologous with the original mouse antibody. 
However, the affinity and biological potency of 
reshaped antibodies was restored by introducing 
original mouse residues in the human FRs at posi- 
tions known to be involved in antigen binding and/ 
or in maintaining the proper conformation of the 
CDRs (Tempest et al., 1991; Kettleborough et al., 
1991; Foote & Winter, 1992). 

Keeping this in mind, to investigate the func- 
tional contribution of structural regions and 
domains of mAb78 (CDRs, FRs and V and 
C-domains) to Id expression we have examined the 
Ag-binding properties as well as the Id expressed by 
the following humanized mAb78 versions (see 
Table 1): (1) a mouse-human chimeric mAb78 
(MuVH/MuVK), consisting of mAb78 mouse 
V-domains joined with human C-domains; (2) a 
partially reshaped mAb78, characterized by 
complete mouse heavy chains and human light 
chain FRs (MuVH/HuVK); (3) four reshaped 
mAb78 versions, consisting of mAb78 CDRs 
inserted within the heavy and light chain V-domain 
on FRs of the human antibodies HIL and LAY 
(Kabat et al., 1991), respectively, and bearing 
increasing numbers of original mouse FR residues 
thought to be important for antigen binding (Amit 
et al., 1986; Chothia & Lesk, 1987; Tramontano et 
al., 1990; Foote & Winter, 1992; Tempest et al, 
1991). The human FRs have been selected as the 
most homologous to the original mouse FRs 
(P. R. Tempest et al., unpublished results). 

The effect of FR changes on antigen binding was 
investigated first. As shown in Table 1, the TNFa 
neutralizing activity of HuVH/HuVK was 300-fold 
lower than that- of MuVH/MuVK and original 
mAb78. Of note, substitution of residues 28 to 30, 
48 to 49, 67 to 68, 70 to 71, 78, 80 and 82 of heavy 
chain FRs with the original' mouse residues 
increased 10 to 20-fold the TNFa neutralizing 
activity, clearly indicating that these residues are 
critically involved in TNFa recognition. 

The Id expressed by each mAb78 variant was 
then studied by competitive and direct binding 
experiments with anti-Id antibodies: competitive 
ELISA was carried by measuring the binding of 
mAb78-HRP to solid-phase anti-Id antibodies in 
the presence of mAb78 versions at various concen- 
trations. Direct ELISA was carried out by 
measuring the binding of anti-Id antibodies to 
humanized antibodies adsorbed on microtitre plates 

biii'uugu guau ailLi-lLUlIiail IgVjrS ( direct EjIjHSA). 

This type of adsorption was chosen in order to 
immobilize antibodies through their C-domains and, 
therefore, to reduce the risk of artefacts due to a 
different orientation of antibodies on the solid-phase. 

Id expression studies were first carried out with a 
mixture of affinity -purified polyclonal anti-mAb78 
IgGs prepared by immunizing BALB/c mice with 
mAb78 coupled to cationic BSA, BSA or keyhole 
limpet haemocyanin (Fig. 1). 
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Figure 1. Detection of anti-mAb78 Id antibodies in 
sera from animals immunized with mAb78 coupled to 
cationic BSA (cBSA, Pierce) (A); BSA (B); keyhole limpet 
haemocyanin (C); and in normal mouse serum (D). 
Syngeneic polyclonal anti-mAb78 antibodies were raised 
in 9 BALB/c mice by immunizing with each conjugate 
(3 animals per group), as previously described (Corti et al., 
1993). The production of antibodies was checked by 
measuring the capability of each serum to inhibit the 
binding of biotin-TNFa to mAb78 as follows. To this 
purpose, poly (vinyl-chloride) (PVC) microtitre plates 
(Falcon Micro test III flexible assay plates, Becton 
Dickinson) were coated with 1 /ig mAb78/ml in PBS 
(015 M sodium chloride, 0 05 M sodium phosphate, 
pH 7-3) (50 /d/well, overnight at 4°C) and blocked with 
200 /il of PBS, 3% BSA (2 h at 37 °C). After washing with 
PBS-T (PBS containing '0-05'% (v/v) Tween 20), wells 
were incubated with samples (50 jil, 1 h at 37 °C), washed 
again as above, and incubated with bio tiny lated TNFa, 
1 : 1000 in PBS-T (containing 1% (w/v) BSA) (50^1/well, 
1 h at 37 °C). Bound biotinylated TNFa was detected with 
streptavidin-HRP, 1 : 2000 in PBS-BT (50/d/well, 1 h at 
37 °C). After a final washing each well was incubated with 
100 /d of 2,2'-azino-di-(3-ethylbenzthiazoline sulphonate) 
(ABTS) chromogenic solution (Boehringer-Mannheim) 
(30 min at 37 °C) and the absorbances at 405 nm of each 
well was measured. As shown, all sera were able to inhibit 
the binding to a similar extent, suggesting that all 
conjugates elicited anti-Id antibodies to comparable 
levels. Thus, all animal sera were pooled and affinity - 
purified on a mAb7 8 -agarose column as follows: 1 ml of 
pooled serum was centrifuged at 20,000 g for 15 min and 
loaded onto a mAb78/agarose column prepared by using 
the 'ImmunoPure Ag/Ab Immobilization" Hit (Pierce) 
(3 mg of mAb78 were coupled to 2 ml of activated-agarose 
according to the manufacturer's instructions). The flow 
was stopped and the column incubated overnight at 4°C. 
The column was then washed with 20 ml of PBS and 
eluted with a 01 M glycine solution (pH 2-8). The 
absorbance at 280 nm of the effluent was monitored. Peak 
fractions were pooled, neutralized and stored at — 20 °C. 
Antibody concentration was estimated by measuring the 
absorbance at 280 nm (E^, 280nm = 13). Dilutions: 
1 : 100 (■); 1 : 1000 (B); 1 : 10°,000 (□). 
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Figure 2. Competitive binding of mAb78 versions and 
mAb78-HRP to solid-phase polyclonal IgGs. The mAb78- 
HRP conjugate was prepared as follows: 100 y\ of purified 
mAb78 (3 mg/ml in PBS) was mixed with 100 /zl of an 
HHP solution (10 mg/ml in 0*1 M sodium phosphate 
buffer, pH 6-5) and with 10 fA of 1 % (v/v)glutaraldehyde. 
The solution was incubated 4 h at room temperature and 
mixed with 20 fil of a 1 M lysine solution. After 1 h 
incubation, the product was dialyzed against 01 M 
sodium phosphate buffer (pH 6*5) and stored as a stock 
solution at — 20 °C. Competitive binding experiments 
were carried out as follows: PVC microti tre plates were 
coated with a 10 fig/m\ solution of anti-Id antibodies in 
PBS (50/n/well, 1 h at 37 °C) and blocked with 200 ^1 of 
PBS, 3% BSA (2 h at 37 °C). After washing with PBS-T, 
wells were incubated with, mAb78 derivatives 
(humanized versions or peptides) at various 
concentrations in PBS-BT (50 fi\, 2 h at 37 °C), mixed 1 : 1 
with mAb78-HRP, previously diluted with PBS-BT 
(1 :400 of stock solution), and further incubated for 1 h at 
37 °C. After a final washing with PBS-T, each well was 
incubated with 100 fd of ABTS chromogenic solution 
(30 min at 37 °C) and the absorbances at 405 nm were 
measured. For abbreviations, see the legend to Fig. 1. 
Competitors: mAb78 (#); MuVH/MuVK (O); 
MuVH/HuVK (■); HuVH (SLTGLRTKVFL)/HuVK 
(□); HuVH(SLTGLRTK)/HuVK (A); HuVH(SLT) 
HuVK (A); HuVH/HuVK (*). 



The results of competitive and direct binding 
assays (Figs 2 and 3) showed that joining of mAb7b 
V-domains with human C-domains (IgGl and 
kappa) essentially preserves the mAb78 idiotype, as 
suggested by similar immunoreactivity of mAb78 
and chimeric MuVH/MuVK. In contrast, extensive 
humanization of mAb78 V-domains was found to 
markedly affect the Id expression, as the 
HuVH/HuVK version was five to sevenfold less 
reactive. The substitution of human heavy chain 
FR residues of the HuVH/HuVK with the original 
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Figure 3. Binding of polyclonal anti-Id IgGs to solid- 
phase mAb78 versions. PVC microtitre plates were coated 
with a goat anti-human IgG solution (40 ng/m\, in PBS, 
50 //1/well, overnight at 4°C) and blocked with PBS, 3% 
BSA (200^1/well, 2 h at 37 °C). After washing with 
PBS-T, wells were incubated with 50 fA of humanized 
antibody solution (lOOng/m! in PBS-BT, 1 h at 37 °C). 
The plates were washed again with PBS-T and incubated 
with anti-Id antibody solutions at various concentrations, 
in PBS-BTGH (PBS-BT containing 1 % (v/v) normal goat 
serum and 1% (v/v) normal human serum (50 /*l/well, 1 h 
at 37 °C), After washing with PBS-T each well was 
incubated with a goat anti-mouse IgG-HRP conjugate 
~ solution (1 : 1000 in PBS-BTGH, 50 Til/well, 1 h at 37 °C) 
and washed further with PBS-T. Each well was then 
incubated with 100 //i of ABTS chromogenic solution 
(30 min at 37 °C) and the abscfrbances at 405 nm were 
measured. For abbreviations, see the legend to Fig. 1. 
Solid phases: MuVH/MuVK (O); MuVH/HuVK (■); 
HuVH(SLT)/HuVK (A); HuVH/MuVK (*). 



mouse residues 28 to 30, 48 to 49, 67 to 68, 70 to 71, 
78, 80 and 82 progressively increased the immuno- 
reactivity with polyclonal IgGs to the level of "the 
MuVH/HuVK version. Since this version bears 
murine heavy chains, the results suggest that the 
CDRs and at least some of these residues are criti- 
cally involved in shaping the mAb78 heavy chain 
idiotype. Moreover, as these residues are also critical 
tor TNFoe binding (Tabie i), it is very likely thau 
strong idiotypic determinants of mAb78 are located 
within or close to the CDRs. 

The idiotype of humanized mAb78 versions was 
further studied with monoclonal antibodies. In 
previous works we have described the production 
and characterization of two monoclonal anti-Id 
antibodies against mAb78 (mAblG3 and mAb9Fl), 
able to recognize non -overlapping heavy chain idio- 
topes located within and outside the paratope, 
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Figure 4. Competitive binding of mAb78 versions and 
mAb78-HRP to solid-phase mAblG3 (left) and mAb9Fl 
(right), measured by "competitive" ELISA as described 
in the legend to Fig. 2. 



respectively (Corti et al, 1993; Barbanti et al, 1993). 
Thus, mAblG3, according to Bona & Kohler (1984), 
is a or y-type anti-Id mAb, whereas mAb9Fl is an 
a-type antibody. 

- Previously we have also shown that mAb9Fl is 
able to inhibit the TNFa/mAb78 interaction in a 
non-competitive mode by affecting the avidity of 
bivalent mAb78 for TNFa oligomers, whereas 
mAblG3 is able to inhibit the interaction in a 
competitive mode by paratope blockade. 

The mAb 1G3 -defined idiotope was studied first: 
The binding of mAb78-HRP to solid-phase mAblG3 
(Fig. 4, left panel) was efficiently competed by 
mouse and chimeric mAb78 as well as by all 
reshaped antibodies having the mouse residues 
Ser28, Leu29 and Thr30 in the FRs. At variance, no 
competition was observed with a reshaped mAb78 
version (HuVH/HuVK) having the human FR 
residues Thr28, Phe29 and Ser30. Nevertheless, a 
weak interaction was also observed with 
HuVH/HuVK in a direct binding assay, this analy- 
tical system being more sensitive than the competi- 
tive assav (Fia. 5. lfift. nanftl). Tn this system 
mAblG3 was found to bind the HuVH(SLT)/HuVK 
version with an affinity apparently close to that of 
mAb78, while it bound the HuVH/HuVK version 
with a 100 to 1000-fold lower affinity. These results 
indicate that mAblG3 is able to recognize all anti- 
body versions with either human or mouse FRs and 
that the heavy chain FR residues 28 to 30 (SLT) are 
critical for full idiotope expression. 

The FR residues 28 to 30 are part of the HI 
hypervariable loop (residues 26 to 32) defined by< 
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Figure 5. Binding of mAblG3 (left) and mAb9Fl 
(right) to solid-phase mAb78 versions, measured as 
described in the legend to Fig. 3. 



Chothia & Lesk (1987). From computer graphic 
models of mAb78 VH, with Thr28, Phe29, Ser30 or 
with Ser28, Leu29, Thr30, the side-chains of 
residues 28 and 30 appear to be located on the 
surface whereas the side-chain of residue 29, facing 
inward and buried within the FR structure, appears 
to make important interactions that may affect the 
conformation of CDR 1 and 2 (not shown). It is 
therefore possible that these residues are either a 
part of the mAblG3 idiotope or are necessary to 
support the conformation of an idiotope located on 
CDRs. 

To evaluate if the residues 28 to 30 are directly 
involved in mAblG3" binding, a peptide corre 1 
sponding to mAb78[25-33] residues (SGFSLTGYG), 
comprising the entire HI loop, was synthesized and 
tested by "competitive" ELISA in parallel with 
mAb78. While 50% binding inhibition was observed 
with about 250 ng mAb78/ml, the mAb78(25-33] 
peptide was unable to compete even at a 1000-fold 
higher concentration. Moreover, mAblG3 was 
unable to bind the mouse myeloma protein 
MOPC141, a member of the Kabat subgroup IB as 
mAb78, containing the same 25 to 33 residues 
(Kabat et al, 1991, our results not shown). This 

favours thf\ hvnnthftsis nf a.n indirp.o.t rnlp. of thp.sft 

residues in determining the expression of an idio- 
tope located on CDRs, though it cannot be excluded 
that they are also part of a strongly conformational 
idiotope close to the paratope. 

The anti-paratypic nature of mAblG3 was 
investigated further. It has been reported by several 
authors that, in some cases, anti-paratypic anti- 
bodies may mimic some of the immunological and 
biological properties of antigens. These antibodies 
have been classified as /?-type and are also called 
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"internal images" (Farid & Linthicum, 1988; Bona, 
1988). Interestingly, mAblG3 binds an idiotope 
located close to the paratope, by antigen-binding 
inhibition studies (Corti et al, 1993) and is able to 
cross-react with anti-TNFa polyclonal antibodies 
raised in syngeneic animals (Barbanti et al, 1993). 
However, we found that HuVH/HuVK and * 
HuVH/(SLT)/HuVK are able to neutralize TNFa 
with similar potency (Table 1) and bind TNFa with 
similar efficiency in ELISA (Fig. 6), although the 
affinities of these versions for mAblG3 are markedly 
different (Figs 4 and 5). Hence, three FR substitu- 
tions that do not affect antigen binding, affect the 
expression of the mAblG3-defined idiotope. This 
suggests that idiotope and paratope are different 
and implies that mAblG3 is a y-type anti-Id mAb. 
Accordingly, we were unable to raise anti-TNFa 
antibodies by injecting mAblG3 in syngeneic 
animals, as expected for a j3-type antibody (results 
not shown). Therefore, the capability of mAblG3 to 
recognize anti-TNFa polyclonal antibodies raised in 
a syngeneic animal, previously observed (Barbanti 
et al., 1993), is more likely related to binding to a 
recurrent idiotype (Paul & Bona, 1982). 

The mAb9Fl -defined idiotope was then studied. 
As shown in Figures 4 and 5, mAb9Fl was able 
to bind only the antibody versions containing 
complete mouse heavy chain FRs. Though mAb9Fl 
recognizes an idiotope apparently located on the 
heavy chain by Western blot analysis (Gorti et al, 
1993) this antibody was able to bind the 
MuVH/HuVK version very weakly, suggesting that 
pairing of both heavy and light chain mouse FRs 
is necessary for full expression of the mAb9Fl 
idiotope. These findings and the previous observa- 
tion that mAb9Fl is unable to inhibit TNFa 
binding to monovalent mAb78 Fab fragments (Corti 
et al, 1993), strongly suggests that this antibody 
recognizes an a-type idiotope located on FRs. Thus, 
mAblG3 and mAb9Fl may be representative of two 
subpopulations of polyclonal anti-Id IgGs against y 
and a-type idiotopes, respectively: the first able to 
recognize CDR-related idiotopes and the second 
able to recognize FR-related* idiotopes, both drasti- 
cally modified by changes in the FRs. 

In conclusion, in this work we have shown that 
CDRs as well as FRs, but not C-domains, contribute 
markedly to mAb78 Id expression. This is in agree- 
ment with the concept that both CDRs and FRs 
contribute to Id expression of immunoglobulins 
(Greenspan & Bona, 1993). Moreover, the evidence 
for the location of mAb9Fl idiotope on the FRs is 
also consistent with studies demonstrating that the 
entire V-domain surface, stretching from the CDR 
to the V-C junction, may express idiotopes 
(Greenspan & Davie, 1985; Roux et al, 1987). 
However, the finding that strongly immunogenic 
mAb78 CDR-related idiotopes recognized by poly- 
clonal and monoclonal antibodies may be drasti- 
cally modified by changes of a few FR residues 
critical for TNFa binding, suggests that the CDR 
surface expresses immunodominant idiotopes, in 
syngeneic animals, and that the FRs are critically < 
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Figure 6. Binding of mAb78 versions to TNFa. PVC 
microti tre plates were coated with a TNFa solution 
(1/ig/ml, in 0*1 M sodium carbonate buffer (pH 9*6), 
50 /il/well, overnight at 4°C) and blocked with PBS, 3% 
BSA (200 /il/well, 2 h at 37 °C). After washing with 
PBS-T, wells were incubated with 50 u\ of mAb78 
versions at various concentrations in PBS-BT (1 h at 
37 °C). The plates were washed again with PBS-T and 
incubated with a goat anti-human IgG-biotin conjugate 
solution (1:800 in PBS-BT' containing 1% normal goat 
serum, 50 /il/well, 1 h at 37 °C). The plates were washed 
with PBS-T and filled with a 1 : 2000 streptavidin-HRP 
solution in PBS-BT containing 1% normal goat serum 
(50/il/well). After lh incubation and a final washing 
with PBS-T, each well was incubated with 100 ^1 of 
ABTS chromogenic solution (30 min at 37 °C) and 
the absorbances at 405 nm were measured. For abbrevia- 
tions, see the legend to Fig. 1. MuVH/MuVK (O); 
HuVH(SLT)/HuVK (A); HuVH/HuVK (*). 



involved in shaping antibody Id mainly by affecting 
the CDR structure. 

CDRs and FRs of antibody V-domains have been 
defined on the basis of homology between known 
primary structures of immunoglobulins (Kabat et 
al, 1991). X-ray crystallographic studies have 
shown that the CDRs of each chain include hyper- 
variable loops involved in antigen binding and 
connecting the strands of two layers of jS-pleated 
sheets that form the V-domain scaffold (Poljak et 
al, 1973; Schiffer et al, 1973; Segal et al, 1974; 
Chotia & Lesk, 1987). Accordingly, transplantation 
. of mAb78 CDRs onto the HIL FRs was sufficient to 
retain the TNFa specificity. Previous studies on 
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immunoglobulin structures suggest that the FR 
residues identified in this work, critical for Id 
expression and TNFa binding, could be critical for 
determining the structure of the hypervariable 
loops: for instance, the heavy chain residues 28 and 
30 are surface-exposed and structurally part of the 
loop incorporating CDR 1 (Amit et al., 1986), while 
the side-chains of residues 29 and 71 face inward 
and play a role in packing and determining the 
conformation of CDRs 1 and 2 (Chothia & Lesk, 
1987; Tramontano et al., 1990). Residues 48, 49, 67 
and 78 are part of the FR residues forming a layer 
underlying the CDRs that may finely adjust the 
CDR structure (Foote & Winter, 1992). Moreover, 
residues 68, 70, 80 and 82 form hydrogen bonds to 
adjacent /?-strands which form the scaffold for loop 
disposition (Chothia & Lesk, 1987). . 

It is very likely, therefore, that these FR residues 
could contribute to Id expression by affecting the 
loop structure. In addition, it is also possible that 
some of the structural changes induced by substitu- 
tion of these FR residues affect the interplay occur- 
ring between heavy and light chains that could 
influence the proper juxtaposition and orientation 
of hypervariable loops and, consequently, the 
overall CDR structure. 

Kieber-Emmons & Kohler (1986) have described 
5 heavy chain and 6 light chain regions charac- 
terized by high surface variability, as identified by 
comparing the variability plots and hydropathic 
profiles of a number of human and mouse antibody 
V-domains. Since surface accessibility and vari- 
ability are known to be important features of 
epitopes in proteins, these regions were thought to 
have the intrinsic potential to express idiotypic 
determinants and, therefore, were called idiotope- 
determining regions (IDR). This concept is well 
supported by our finding that the residues 28 to 30, 
48 to 49 and 70 to 71 belonging to the 
IDR-A[27-31], IDR-B[48-53] and IDR-D[70-75], 
respectively, are important for the expression of 
idiotopes recognized by polyclonal and monoclonal 
anti-Id IgGs, and that CDRs, partially overlapping 
with the proposed IDRs, are likely to express immu- 
nodominant idiotopes. 

It has been proposed that a network of Id-anti-Id 
interactions contributes to the regulation of the 
immune response (Jerne, 1974; Paul & Bona, 1982; 
NisonofT, 1991; Rodey, 1992): in view of this hypo- 
thesis it is possible that variability at some of the 
FR sites identified in this work within the primary 
repertoire and in affinity maturation play a role in 
the generation of structural diversity in the idio- 
typic repertoire. 

The authors thank Laura Gianellini for excellent tech- 
nical assistance and Giorgio Fassina for peptide synthesis. 

References 

Amit, A. G., Mariuzza, R. A., Phillips, S. E. V. & Poljak, 
R. J. (1986). Three-dimensional structure of an 
antigen-antibody complex at 2 8 A resolution. 
Science, 233, 747-753. 



Barbanti, E., Corti, A., Ghisleri, M., Casero, D., Rifaldi, 
B., Portello, C, Breme, U., Trizio, D. & Marcucci, F. 
(1993). Mode of interaction between tumor necrosis 
factor a and a monoclonal antibody expressing a 
recurrent idiotype. Hybridoma, 12, 1-13. 

Bentely, G. A., Boulot, G., Riottot, M. M. & Poljak, R. J. 

(1990) . Three-dimensional structure of an idiotope- 
anti-idiotope complex. Nature (London), 348, 
254-257. 

Bona, C. A. (1988). Functional heterogeneity of anti- 
idiotype antibodies. In Anti-idiotypes , Receptors and 
Molecular Mimicry (Linthicum, D. S. & Far id, N. R., 
eds), pp. 7-14, Springer- Verlag, New York. 

Bona, C. A. & Kohler, H. (1984). Anti-idiotypic anti- 
bodies and internal images. In Monoclonal and 
Anti-idiotypic Antibodies: Probes for Receptor 
Structure and Function (Venter, J. C, Fraser, C. M. & 
Linstrom, J., eds), pp. 141-149, Alan Liss Inc, New 
York. 

Boulianne, G. L., Hozumi, N. & Shulman, M. J. (1984). 
Production of functional chimeric mouse-human 
antibody. Nature (London), 312, 643-646. 

Brown, B. A., Davies, G. L., Saltzgaber-Muller, J., Simon, 
P., Ho, M. K., Shaw, P. S., Stone, B. A., Sands, H. & 
Moore, G. P. (1987). Tumor specific genetically engin- 
eered murine/human chimeric monoclonal antibody. 
Cancer^Res. 47, 3577-3587. 

Chothia, C. & Lesk, A. M (1987). Canonical structures for 
the hypervariable regions of immunoglobulins. 
J. MoL Biol 196, 901-917. 

Co, M. S., Deschamps, M., Whitley, R. J. & Queen, C. 

(1991) . Humanized antibodies for antiviral therapy. 
Proc. Nat. Acad. Sci., U.S.A. 88, 2869-2873. 

Corti, A., Barbanti, E., Marcucci, F. & Cassani, G. (1993). 
Evidences that cc-type anti-idiotypic antibodies may 
non-competitively inhibit . idiotype/anti-idiotype 
interactions by affecting idiotype avidity. Mot. 
Immunol. In the press. 

Farid, R. N. & Linthicum, D. S. (1988). Idiotypes, para- 
topes, and molecular mimicry. In Anti-idiotypes, 
Receptors, and Molecular Mimicry (Linthicum, D. S. 
& Farid, N. R., eds); pp. 1-5, Springer- Verlag, New 
York. 

Foote, J. & Winter, G. (1992). Antibody framework 
residues affecting the~ conformation of the hypers- 
variable loops. J. Mot. Biol. 224, 487-499. 

Gorman, S. D., Clark, M. R., Routledge, E. G., Cobbold, 
S. P. & Waldmann, H. (1991). Reshaping a thera- 
peutic CD4 antibody. Proc. Nat. Acad. Sci., U.S.A. 
88, 4181^185. 

Greenspan, N. S. & Bona, C. (1993). Idiotypes: structure 
and immunogenicity. FASEB J. 7, 437^44. 

Greenspan, N. S. & Davie, J. M. (1985). -Serologic and 
topographic characterization of idiotopes on murine 
monoclonal anti-streptococcal group A carbohydrate 
antibodies. J. Immunol. 134, 1065-1072. 

Hale, G., Dyer, M. J. S„ Clark, M. R., Phillips, J. M., 
Marcus, R., Riechmann, L., Winter, G. & Waldmann, 
H. (1988). Remission induction in non Hodgkin 
lymphoma with reshaped hurftan monoclonal anti- 
. body CAMPATH-1H. Lancet, 2, 1394-1399. 

Jerne, N. K. (1974). Towards a network theory of the 
immune system. Ann. Immunol. (Inst. Pasteur), 
125C, 373-389. 

Jones, P. T., Dear, P. H., Foote, J., Neuberger, M. S. & 
Winter, G. (1986). Replacing the complementarity 
determining regions in a human antibody with those 
from a mouse. Nature (London), 321, 522-524. 

Kabat, E. A., Wu, T. T., Perry, H. P., Gottesman, K. S. 



60 



Communications 



& Foller, C. (1991). Sequences of Immunological 
Interest, 5th edit,, U.S. Dept. of Health and Human 
Services, Bethesda. 
Kettleborough, C. A., Saldanha, J., Heath, V. J., 
Morrison, C. J. & Bending, M. M. (1991). 
Humanization of a mouse monoclonal antibody by 
CDR-grafting: the importance of framework residues 
on loop conformation. Protein Engin. 4, 773-783. 
Kieber-Emmons, T. & Kohler, H. (1986). Towards a 
unified theory of immunoglobulin structure-function 
relations. Immunol. Rev. 90, 29-48. 
Kohler, H., Kaveri, S., Kieber-Emmons, T., Morrow, 
W. J. W., Muller, S. & Raychaudhuri, S. (1989). 
Idiotypic network and nature of molecular mimicry: 
an overview. Methods Enzymol. 178, 3-35. 
Liu A. Y., Robinson, R. Murray, D., Ledbetter, J. A., 
'Hellstrom, I. & Hellstrom, K. E. (1987). Production 
of a mouse-human chimeric monoclonal antibody to 
CD20 with potent Fc-dependent biologic activity. 
J. Immunol. 139, 3521-3526. 
Maeda, H., Matsushita, S., Eda, S., Kimachi, K., 
Tokiyoshi, S. & Bending, M. M. (1991). Construction 
of reshaped human antibodies with HIV -neutralizing 
activity. Hum. Antibod. Hybridom. 2, 124-134. 
Mathieson, P. W., Cobbold, S. P., Hale, G., Clark, M. R., 
Oliveira, D. B*. G., Lockwood, C. M. & Waldmann, H. 
(1990). Monoclonal-antibody therapy in systemic 
vasculitis. New Engl. J. Med. 323, 250-254. 
Morrison, S. L., Johnson, M. J., Herzenberg, L. A. & Oi, 
V. T. (1984). Chimeric human antibody molecules: 
mouse antigen-binding domains with human 
constant region domains. Proc. Nat. Acad. Sci., 
U.S.A. 81, 6851-6855. 
Neuberger, M. S., Williams, G. T., Mitchell, E. B., Jouhal, 
S. S., Flanagan, J. G. & Rabbit, T. H. (1985). 
A hapten-specific chimeric IgE antibody with human 
physiological effector function. Nature (London), 
314, 268-270. 

Nisonoff, A. (1991). Idiotypes: concepts and applications. 

J. Immunol. 147, 2429-2438. 
Paul, W. E. & Bona, C. (1982). Regulatory idiotopes and 

immune networks: a hypothesis. Immunol. Today, 3, 

230-234. 

Poljak, R. J., Amzel, L. M., Avey, H. P., Chen, B. L., 
Phizackerly, R. P. & Saul, F. F. (1973). 
Three-dimensional structure of the Fab' fragments of 
a human immunoglobulin at 2-8 A resolution. Proc. 
Nat. Acad. Sci., U.S.A. 70, 3305-3310: 

Poskitt, D. C, Jean-Francois, M. J. B., Turnbull, S., 
Macdonald, L. & Yasmeen, D. (1991). Internal image 



(Abbeta) anti-idiotype vaccines. Theoretical and 
practical aspects. Vaccine, 9, 792-795. 
Queen, C, Schneider, W. P., Selick, H. E., Payne, P. W., 
Ladolfi, N. F., Duncan, J. F., Avladovic, N. M., 
Levitt, M., Junghans, R. P. & Waldman, T. A. 
(1989). A humanized antibody that binds to the 
interleukin2 receptor. Proc. Nat. Acad. Sci., U.S.A. 
86, 10029-10033. 
Riechmann, L., Clark, M., Waldmann, H. & Winter, G. 
(1988). Reshaping human antibodies for therapy. 
Nature (London), 332, 323-327. 
Rodey, G. E. (1992). Anti-idiotypic antibodies and regula- 
tion of immune responses. Transfusion, 32, 361-376. 
Roux, K. H., Monafo, W. J., Davie, J. M. & Greenspan, 
N. S. (1987). Construction of an extended three 
dimensional idiotope map by electron microscopic 
analysis of idiotope-anti-idiotope complexes. Proc. 
Nat. Acad. Sci., U.S.A. 84, 4984-4988. 
Schiffer, M., Girling, R. L., Ely, K. R. & Edmundson, 
A. B. (1973). Structure of a A-type Bence-Jones pro- 
tein at 3*5 A resolution. Biochemistry, 12, 4620-4631. 
Segal, D. M., Padlan, E. A., Cohen, G. H., Rudikoff, S. f 
Potter, M. & Davies, D. R. (1974). The three-dimen- 
sional structure of a phosphorylcholine-binding 
mouse immunoglobulin Fab and the nature of the 
antigen binding site. Proc. Nat. Acad. Sci., U.S.A. 
71, 4298-4302. 
Streicher, H. Z., Cuttitta, F., Buckenmeyer, G. K., 
Kawamura, H., Minna, J. & Berzofsky, J. A. (1986). 
Mapping of the idiotopes of a monoclonal anti- 
myoglobin antibody with syngeneic monoclonal anti- 
idiotypic antibodies: detection of a common 
idiotope. J. Immunol. 136, 1007-1014. 
Tempest, P. R., Bremner, P., Lambert, M., Taylor, G., 
Furze, J. M., Carr, F. J. & Harris, W. J. (1991). 
Reshaping a human monoclonal antibody to inhibit 
human respiratory syncytial virus infection in vivo. 
Biotechnology, 9, 266-271. 
Tramontano, A., Chothia, C. & Lesk; A. M. (1990). 
Framework residue 71 is a major determinant of the 
position and conformation of the second hyper- 
variable region in thV' VH domain of immuno- 
globulins. J. MoL Biol. 215, H5-182. 
Verhoeyen, M., Milstein, C. M. & Winter, G. (1988). 
Reshaping human antibodies: grafting an antilyso- 
zyme activity. Science, 239, 1534-1536. 
Zenke, G., Eichmann, K. & Emmrich, F. (1985). Idiotope 
mapping on the variable region of an antibody clono- 
type produced by normal (non-malignant) human 
B cells. J. Immunol. 135, 4066-4072. 



Edited by J. Karn 
(Received 10 May 1993; accepted 19 August 1993) 



STIC-ILL 



From: 

Sent: 

To: 

Subject: 



Canella, Karen 

Monday, August 04, 2003 7:15 PM 
STIC-ILL 

iil order 08/602,272 



Art Unit 1642 Location 8E12(mail) 
Telephone Number 308-8362 
Application Number 08/602,272 



1 


American Journal of Cardiology. 1991, 68(7):B36-B50 


o 

C.. 


Annioloav 1994 45(1 2)' 101 5-1022 


\J . 


Journal of Cardiovascular Pharmacology, 1994 Jan, 23(1): 1-6 


4 


Inflammation Research, 1996 Jan, 45(1):14-19 


5 


American Heart Journal, 1995 Aug, 130(2):204-21 1 


6. 


European Heart Journal, 1995, vol. 16, Abstract Suppl., page 42. 


7. 


Journal of clinical Investigation, Apr 1993, 91(4):1721-1730 


8. 


Italian Journal of Surgical Sciences, 1983, 13(3):197-201 


9. 


Postgrad Med, ly^o Aug, ou^.oo-o» 


10. 


Lancet, 27 Nov 1976, 2(7996): 1161-1 164 


11 


JAMA, 13 Dec 1976, 236(24):2755-2757 


12. 


European Journal of Pharmacology, 24 Jun 1993, 237 (2-3):223-230 


13. 


Semin Interv Cardiol 2000 Sep, 5(3): 109-1 15 


14. 


Hosp Med, 2000 SEp, 61(9):628-636 


15. 


Nephron, 1993, 63(3):273-278 


16. 


Kidney Int, 1992 nov, 42(5):1 124-1 129 


17. 


Cardiologia. 1993 Jan. 38(1):45-51 


18 


AnnMsd. 2000 Nov. 32(8):561 -567 




21 



20 



Journal of Molecular Biology, 1994, vol. 235(1 ):53-60 
PNAS, 1986. Vol. 83, pp. 4533-4537 



22 



Journal of Experimental Medicine: 

1987 Vol. 166, pp. 1390-1404 
1986, Vol. 163, pp. 740-745 



23 



N Eng J Med: 



198A VoL 316! pp. 379-385 



24 



Throb Haemost, 1987, Vol. 57, pp. 176-182 



Thanks! 



l 



HVBRIDOMA 

Volume 13, Number 3, 1994 

Mary Ann Liebert, Inc., Publishers 



A Humanized Anti-Tumor Necrosis Factor-a Monoclonal 
Antibody That Acts as a Partial, Competitive Antagonist of the 

Template Antibody 

PHILIP R TEMPEST ELENA BARBANTI, 2 PATRICIA BREMNER,' FRANK J. CARR, 1 
MARTA GHISLIERI, 2 BRUNO RIFALDI, 2 and FABRIZIO MARCUCCI 2 - 



ABSTRACT 



Weh —c^^ 

ma^^^ 

showed a loss of binding affinity and ™ ir ^^™ C ^*^ e ™ *l a ,izing potency was significantly 
MAb or its chimeric equivalent. In s0 ™ e .^ ^' ^^^'j^ verskms^showing the greatest dissociation between 
greaterthanthedecreasein^^^^^^^ 

these two parameters were st«d.ed for ^«J^J»™ tiallv ne „tralized huTNF-a. One humanized 
MAb78 when used at concentra ions that b ™„J™^ 

version (MAb78D) was indeed able to do so, whereas ^^^J^^.^.rt,^ dependent and could 
activity atallconcentrationstested-Theantagomst^ ^ rf 

L=n?^L^^ -* " — d MAb78D are 



discussed. 



INTRODUCTION 

THE therapeutic usefulness of rodent monoclonal anti- 
bodies (MAb) in humans is severely limited by their 
immunogenicity/'" Humanization has emerged in the last few 
years as a feasible approach to obtain MAb of reduced immuno- 
genic^ suitable for repeated administrations to humans. Two 
gene^ engineering techniques have been utilized forth* 
purpose. The first leads to the production of chimeric antibodies 
comprisingrodentvariable(V)regionslinked to human .constant 
(C) regions <3 4> The second leads to the production of human- 
ized antibodies where only the complementarity-determining 
regions (CDR) and, if necessary , a limited number of framework 

- < ~C A a, nt nricnn whereas all the rest or 

region (rtsj icmuuw ^ * • 



the molecule is human/ 5 ' Incorporation of some ongmal FR 
residues has been shown in several instances to be essential in 
preserving the correct conformation of the antigen-binding sites 
thereby avoiding unacceptable losses in biolog.cal activity. 
Antibody humanization has allowed the obtainment of M Ab that 
show greatly reduced immunogenicity and extended half-life in 
vivo compared to chimeric antibodies/ 

Human tumor necrosis factor-a (huTNF-a) is a clinically 
relevant target against which it would be desirable to have 
available MAb of reduced immunogenicity. It is an inflamma- 
tory cytokine and as such plays a pivotal role in host defense 
against pathogens/' 0 "' 3 ' However, in case of hyperproduction, 
huTNF-o may lead to harmful consequences and contribute to 
the pathogenesis of many disease states/ 14 "' 7 ' These observa- 
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tions have suggested that MAb against huTNF-a could be thera- 
peutically and/or prophylactically useful. Indeed, animal studies 
have confirmed that MAb-based prophylaxis and/or therapy of 
disease states linked to TNF-ot hyperproduction is feasible and 
promising/ 1 8,,9) The therapeutic use of currently available rodent 
MAb in ^ humans, however, will be restricted to those clinical 
situations that can benefit from a single or few administrations over 
a brief period of time. For chronic administration, the availability 
of antibodies of reduced immunogenicity will be mandatory. 

These considerations have led us to humanize a neutralizing 
mouse MAb against huTNF-a raised in our laboratories 
(MAb78, IgG,,k; ref. 20). Several versions containing variable 
numbers of mouse FR residues were constructed and studied in 
terms of huTNF-ot-binding and neutralization. Unexpectedly, 
for some versions, we observed a decrease in neutralizing 
potency that was much greater than the decrease in binding 
affinity. One of the two humanized antibodies that showed the 
greatest dissociation between these two parameters was shown 
to act as a partial, competitive antagonist of the original mouse 
MAb or of its chimeric equivalent. 



MATERIALS AND METHODS 

Cloning of murine Ig V region DNA 

The murine hybridoma 78 secretes an IgGj,k MAb that 
neutralizes huTNF-a/ 20) Cytoplasmic RNA was prepared from 
hybridoma cells as described/ 20 Ig V region cDNAs were made 
from RNA via reverse transcription initiated from primers based 
on sequences at the 5' ends of murine IgGj and k C regions <22) as 
previously described/ 6 * For VH the primer was CGI FOR 
(5 ' -GG A AGCTT AG AC AG ATGGGGGTGTCGTTTTG) and 
for the VK the primer was CK2FOR (5'-GG AAGCTT GAA- 
GATGGATACAGTTGGTGCAGC) and contained restriction 
sites (underlined) for directional cloning. Ig VH and VK cDNA 
were amplified by polymerase chain reaction (PCR) (23) using a 
battery of sense primers based on signal and/or amino-terminal 
V region DNA sequences in concert with the antisense oligode- 
oxyribonucleotides used to prime the cDNA reactions. Authen- 
tic VH sequences were obtained using VH1 BACK <23> and 
CGI FOR and VK sequences were obtained using VK7BACK 
(5 '-TTGAATTCGG AGCTGATGGGAACATTGTAATG) and 
CK2FOR. PCR products were gel purified, digested with the 
appropriate restriction enzymes, and cloned into M 13 mpl8 and 
mpl9, and the sequences of both strands were determined from 
at least 12 clones by the chain-termination method / 24) The 
sequence data of the MAb78 V regions have been submitted to 
the EMBL/GenBank Databases under accession numbers 
Z22669 (H chain) and Z22670 (L chain). 

Construction of chimeric antibody genes 

To facilitate cloning of V region DNA into expression 
vectors, restriction sites were placed in close proximity to the 
amino- and carboxy-termini of murine VH and VK genes. For 
VH, a 5' Pst I and a 3' Bst EH site were introduced into a cloned 
murine VH region by PCR using VH1BACK and VHlFOR/ 23) 
For VK, a 5' Pvu II and a 3' Bgl II site were introduced into a 



cloned murine VK region by PCR using VK1BACK and 
VK1F0R. (23) In some instances, these primers changed one or 
more amino acids from those naturally occurring (see Fig. 1). 
The V region genes (MuVH and MuVK) were cut with the 
appropriate restriction enzymes and cloned into Pst l-Bst Ell-cut 
M13VHPCR1 and Pvu U-Bcl I-cut M13VKPCR1 (23) which 
contain an Ig promoter, signal sequences, and splice sites. These 
DNAs were then excised from M13 as Hind \l\~Bam HI 
fragments and cloned into the expression vectors pSVgpt and 
pSVhyg (23) containing human IgG, (25) and human k (26) C 
regions. 

Construction of humanized antibody genes 

The starting DNAs were the murine VH and VK genes cloned 
into M 13. Oligonucleotides were synthesized to encode the HIL 
and LAY FR and the humanized V regions assembled by a series 
of sequential PCR. M13 clones containing the final humanized 
V regions were sequenced in their entirety to ensure the absence 
of spurious mutations, digested with Pst l-Bst EII or Pvu ll-Bgl 
II and sequentially cloned into M13VHPCR1 or M13VKPCR1 
and then into pSVgpt or pSVhyg as described above. Human 
IgG,, IgG 4 (27) , or k C regions were added as appropriate. 
Additional humanized constructs with FR mutations were made 
by overlap/extension and PCR/ 28) 

Expression of recombinant antibody genes 

Approximately 2 \tg of the H and 5 u,g of the L-chain 
expression vectors were digested with Pvu \ and cotransfected 
by electroporation into YB2/0 rat myeloma cells as previously 
described/ 6) gpt + transfectants were selected, screened by 
ELISA for the secretion of human IgG, (6) and expanded. 

Quantitation of MAb78 and its humanized versions 

Antibody concentrations in supernatants were determined in a 
quantitative ELISA; those in purified preparations by absor- 
bance at 280 nm using a molar extinction coefficient of 1 .4. 

Purification of the antibodies 

Antibodies were purified by affinity chromatography on 
Protein G-Sepharose using a commercially available kit (MAb 
Trap ™G-Kit, Pharmacia, Uppsala, Sweden) and following the 
manufacturer's instructions. The purity of the preparations thus 
obtained was >95% as judged by SDS-PAGE. 

Affinity measurements 

These were performed essentially as described elsewhere / 20) 
Briefly, graded concentrations of 125 I-labeled huTNF-a (NEN, 

ft llllllll^H/ll , LjTt-IJ M V/X ^ UIVUUUVVU T IU Ul 1 Will (VIllpVl UiUl W 111 

the absence or presence of MAb78 or of one of its humanized 
versions. Then, 100 u,l of 1:5 diluted Immunobeads (Bio-Rad, 
Segrate, Italy, anti-mouse Ig for mouse MAb78 and anti-human 
Ig for humanized MAb) were added to the 400- uJ mixtures, and 
incubation was continued for another hour. Mixtures were then 
centrifuged through a phthalate-dibutyl phthalate oil mixture 
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, VH , A x and vk (B) from the murine, chimeric, and humanized antibodies. CDRare boxed. 
Numbering is according to Kabat et al. 



(11 5 v/v) and Immunobead-associated radioactivitywas mea- 
sured Binding data were then processed, assuming ' I-labeled 
huTNF-a was a trimer, by means of an equilibrium binding data 

PiiKlUhe.rs. 

analysis program puA/nui, 

Amsterdam, Netherlands; ref . 29) . 

HuTNF-a neutralization assays 

HuTNF-a (Esquire, Zurich, Switzerland), at a concentration 
known to exert submaximal cytotoxic activity (1 ng/ml; >85% 



cytotoxicity), was incubated for 2 hr at 37°C in the absence or 
presence of graded concentrations of mouse MAb78 or its 
humanized versions. Mixtures and actinomycin D (2 \ig/ml final 
concentration; Fluka, Buchs, Switzerland) were then addedjo 
mouse LM cells. After overnight incubation at jrc, ovo v.w 2 , 
cells were stained with MTT (850 jig/ml final concentration; 
Prodotti Gianni, Milan, Italy) for 4 hr and optical denisty was 
then read at 570 nm. Concentrations of MAb78 or its humanized 
versions neutralizing 50% of the cytotoxic activity of huTNF-a 
were calculated. The same assay was used to detect a possible 
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antagonistic effect of humanized MAb78C and D. For this 
purpose mixtures of huTNF-a with or without mouse or chi- 
meric MAb78 and with or without humanized MAb78C, 
MAb78D, or an unrelated, isotype-matched (IgG,,k) human- 
ized MAb were set up and then processed as described before. 



RESULTS 

V region genes 

The V region cDNAs from the murine hybridoma 78 were 
cloned by PGR using C region oligonucleotides together with 
primers based on sequences of known signal and/or 5' sequences 
of mature V regions. PCR products of the expected sizes for VH 
and VK were obtained using VH1 BACK/CGI FOR and 
VK7 B ACK/CK2FOR combinations, respectively. The VH 
DNA when cloned gave two distinct types. One group consisted 
of authentic VH sequence but had a deletion encompassing parts 
of FR3 and CDR3 resulting in a frameshift. We have isolated 
this nonproductive sequence from other hybridomas in our 
laboratory and presume its origin is from the NSO fusion partner 
used in the production of the hybridoma 78. The second VH 
sequence obtained had an open reading frame and is the putative 
78 VH DNA. Only one type of light chain V region sequence 
was isolated. The deduced amino acid sequences of VH and VK 
are shown in Fig. 1. 

Recombinant antibodies 

To maximize retention of high binding affinity by the human- 
ized antibody, we chose to use human FR with highest homol- 
ogy to those of MAb78. The MAb78 VH and VK amino acid 
sequences were searched against the NBFR-PIR data base. The 
most homologous mature human VH and VK were, respec- 
tively, from the human myeloma protein HIL <29) and from the 
human IgM antibody LAY. <30) The humanized V regions were 
constructed by framework mutagenesis of the murine VH and 
VK genes. Additional alterations to the HIL FR were a Val 
Gin change at position 5 to accommodate a Pst I restriction site 
and an Arg Lys change at position 94, a site known to be 



critical for retention of affinity. (6) Similarly, to accommodate 
Pvu II and Bgl II restriction sites in the humanized VK LAY 
residues Met 4 and Val 106 were changed to Leu and He, respec- 
tively. We made additional versions of the humanized antibody 
(MAb78C-H) (Table 1) with progressive replacements of partic- 
ular HIL VH FR amino acids with those from the murine 
progenitor VH. FR residues that were changed were those that 
may directly interact with antigen or alter the conformation of 
the loops. For instance, residues 28 and 30 are structurally a part 
of the loop incorporating CDR1 and their side chains are surface 
exposed and may participate directly in antigen interaction/ 30 
The side chains of residues 48, 49, 67, 78, 80, 82, and 107 are all 
buried and the internal packing of these residues close to, or 
below, the CDR loops may indirectly modulate their conforma- 
tion. (33) Residues 68 and 70 were also changed in some versions 
so that the entire (5-strand proximal to CDR2 was of murine 
origin. 



Binding affinity and neutralizing activity of MAb78 
and its humanized versions 

Table 1 and Fig. 1 list the isotype and the FR of the MAbs that 
were studied. 

Determination of the affinity constants (Table 2) yielded 
values that allowed the humanized versions of MAb78 to be 
divided into two groups. The first, comprising chimeric 
MAb78A, hybrid MAb78B (comprising mouse H chain V 
regions and L chain V regions bearing mouse CDRs and fully 
human FRs), and humanized MAb78H, bearing the highest 
number of original FR residues of all humanized versions of 
MAb78, bound l25 I-labeled huTNF-a with apparent affinity 
constants (K app ) similar to that of the original MAb78. On the 
other hand, all other humanized versions of MAb78, including 
MAb78C that bears minimal FR modifications, bound 125 I 
labeled huTNF-a with a A" app that was approximately one order 
of magnitude lower than that of MAb78 and of the aforemen- 
tioned humanized versions. For MAb78C and D, this decrease 
was independently confirmed in an ELISA measuring binding to 
solid-phase-bound huTNFot (data not shown). 

The neutralizing potency of the same antibodies was deter- 





Table 1 


. Isotype and Framework Regions of the Monoclonal Antibodies 




MAb 

(abbreviation) 




Residues changed in human framework regions* 




Isotype 


H chain 


L chain 


MAb78 


mu IgG,,k 


All 


All 


MAb78 A 


hu IgG,,k 


All 


All 


MAb78 B 


hu IgG,,k 


AH 


None 


MAb78 C 


hu IgG,,k 


R94K b 


None 


MAb78 D 

V* A Lin T7 


hu IgG^K 

1 T 1. 


T28S,F29L,S30T,R94K - 

T^OC T-V^rtT \NOI A Ai\J~> rt f\ A If 


None 

XT 


MAb78 F 


11U IgVJ J , IV 

hu IgG,,k 


a «.yLi,ujv i , » -ruu,ri-Tyvj,iv^Ti\ 

T28S,F29L,S30T,V48L,A49G,R94K,V107T 


None 


MAb78 G 


hu IgG 4 ,k 


T28S,F29L,S30T,V48L,A49G,F67L,T68R,S70T,R71K,R94K 


None 


MAb78 H 


hu IgG 4 ,k 


T28S,F29L,S30T,V48L,A49G,F67L,T68R,S70T,R71K,L78V,M80F,M82L,R94K 


None 



a The heavy-chain framework region sequences are those of the human antibody HIL; the light-chain framework region sequences 
are those of the human antibody LAY. 
b Wild-type residue followed by residue number and then mutant residue. 
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Table 2. Affinity Constants (K app ) for the Binding of 
i25 I-Labeled huTNF-a to Mouse MAb78, Chimeric 
MAb78 or Humanized Versions of MAb78 



MAb78 Exp. 1 Exp. 



Mouse MAb78 
MAb78A 


2.44 x 10" 
2.72 x 10" 


11 M 
11 M 


4.31 x 10" 
3.07 x 10~ 


ll M 
n M 


MAb78B 


4.87 X 10" 


n M 


ND a 


10 M 
10 M 


MAb78C 


2.3 x 10" 


10 M 


3.28 x 10" 


MAb78D 


3.45 x 10" 


X0 M 


2.79 x 10" 


MAb78E 


3.28 x 10" 


10 M 


ND 




MAb78F 


5.49 x 10" 


10 M 


ND 


10 M 

11 M 


MAb78G 


4 x 10" 


l0 M 


2.02 x 10" 


MAb78H 


2.62 x 10~ 


11 M 


3.4 x 10" 



a ND, Not done. 



mined by measuring the antibody concentrations required to 
neutralize 50% of the cytotoxic activity of a huTNF-a dose (1 
ng/ml) that exerts a submaximal cytotoxic effect. The results 
obtained in these experiments are shown in Fig. 2. As can be 
seen, the pattern of neutralizing potencies relative to MAb78 
changed considerably when compared to that of the binding 
affinities. Here, only the chimeric MAb78A and the hybrid 
MAb78B neutralized huTNF-a to a degree comparable to that of 
mouse MAb78. The humanized versions MAb78C and D, 
bearing one and four mouse FR residues, respectively, had a 
neutralizing potency -300-fold lower than MAb78. The ver- 
sions bearing an increasing number of MAb78 residues in the FR 
progressively recovered neutralizing potency up to a level that 
approached the decrease in binding affinity (MAb78G). 
MAb78H, which had been shown to bind 125 I-labeled huTNF-a 



with an affinity similar to mouse MAb78, did not show a full 
recovery of neutralizing activity. 

Antagonistic activity of MAb78D on the neutralizing 
activity of chimeric or mouse MAb78 

The dissociation between decrease in binding affinity (-10- 
fold) and neutralizing potency (-300-fold) of MAb78C and 
MAb78D suggested that at certain concentrations these versions 
would bind to but not, or only partially, neutralize huTNF-a. In 
so doing, they might prevent added mouse MAb78 or chimeric 
MAb78A from binding to huTNF-a and thus antagonize their 
neutralizing activity. The experiments in Fig. 3 show that in one 
case this reasoning proved to be correct. Humanized MAb78D 
inhibited the neutralizing activity of different concentrations of 
chimeric mAb78A (Fig. 3A). The inhibitory activity of MAb78D 
was gradually overcome at increasing doses of chimeric MAb78A. 

Figure 3B shows the results obtained with MAb78C, the 
humanized version bearing only one substitution in the FR. In 
this case, no inhibition of the neutralizing activity of chimeric 
MAb78 A was observed, neither at the concentration indicated in 
Fig. 3 (900 ng/ml) nor at any of a whole range of concentrations 
that were tested subsequently (data not shown). Figure 4 shows 
that MAb78D was able to antagonize mouse MAb78 as well 
and, on the other hand, that an unrelated, humanized IgG,k 
MAb was unable to do so, thereby proving the specificity of the 
observed inhibition. In a final experiment, shown in Fig. 5, we 
measured the neutralizing activity of different concentrations of 
chimeric MAb78A on 1 ng/ml huTNF-a in the absence or 
presence of different concentrations of humanized MAb78D. As 
can be seen , increasing doses of MAb78D caused parallel shifts 
of the dose-response curve of chimeric MAb78A, thus demon- 
strating that MAb78D inhibited chimeric MAb78A acting as a 
partial, competitive antagonist. 
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FIG. 3. Cytotoxic activity of 1 ng/ml huTNF-a neutralized by 
chimeric MAb78A in the absence or presence of humanized 
versions of MAb78. A was with humanized MAb78D (1,200 
ng/ml), B with humanized MAb78C (900 ng/ml). 1 , Humanized 
MAb78 alone; 2, 12.5 ng/ml chimeric MAb78A alone; 3,1+2; 
4, 25 ng/ml MAb78A alone; 5, 1+4; 6, 50 ng/ml MAb78A 
alone; 7, 1 +6; 8, 100 ng/ml MAb78A alone; 9, 1 +8. 



DISCUSSION 

We have humanized a mouse MAb against huTNF-a, an 
inflammatory cytokine involved in the pathogenesis of a large 
number of disease states. (,4 ~ 17) Several humanized versions 
were constructed, using FR with highest homology to MAb78, 
and tested in terms of binding affinity and neutralizing potency. 

A chimeric version bearing the V regions of the original 
mouse MAb78 and human C regions was equipotent to MAb78 
for both parameters studied. Also, a version bearing the mouse 
heavy-chain V regions, a humanized light-chain V region 
(mouse CDR and human FR), and human C regions showed no 
significant decrease in affinity or neutralizing activity. Thus, 
humanization of the light chain was without any major conse- 
quence on the activity of the antibody. The picture changed 
when we studied humanized versions of MAb78 in which the 
heavy chain was also humanized. Two versions, one bearing a 
single original residue in the FR (Lys 94 ) and the other bearing 4 

n ..-94 o — 28 i „.29 t-i 30\ u ~i j :„ _ * 

V*-V ° t k - ,v ' 1 y y * in. / , liviiutvu in u oiiiuicu wttjr. r~v 

10-fold decrease in binding affinity, but a much higher decrease 
in neutralizing activity (-300-fold) was observed. Upon incpK' 
poration of an increasing number of mouse FR residues 
(MAb78E-G) a neutralizing potency approaching that. expected 
from the decrease in binding activity was recovered progres- 
sively. MAb78H, bearing the highest number of original FR 
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FIG. 4. Cytotoxic activity of 1 ng/ml huTNF-a neutralized by 
mouse MAb78A in the absence or presence of humanized 
MAb78D and by mouse or chimeric MAb78D and by mouse or 
chimeric MAb78A in the absence or presence of an irrelevant, 
humanized IgG,,k MAb. 1, 1.8 p-g/ml irrelevant, reshaped 
IgG! ,k MAb alone; 2,1.2 n-g/ml humanized MAb78D alone; 3, 
25 ng/ml chimeric MAb78A; 4, 3+2; 5, 3+1; 6, 25 ng/ml 
mouse MAb78 alone; 7, 6+2; 8,6+1. 



residues of all humanized versions, had a binding affinity similar 
to that of chimeric or mouse MAb78, but the neutralizing 
activity was still significantly lower than that of MAb78 versions 
bearing fully murine H chain V regions. Altogether the results 
obtained with the different humanized versions of MAb78 
clearly show that binding affinity and neutralizing potency are 
dissociable compared to the original, template MAb. The 
versions containing minimal FR modifications showed the 
highest degree of dissociation, A similar phenomenon has been 
reported recently for some humanized versions of an anti- 
pl85 HER2 MAb. (34) 

On the basis of these results, we went on to test if concentra- 
tions at which MAb78C and D bound, but did not, or only 
partially neutralized huTNF-a, were able to antagonize the 
neutralizing activity of chimeric or mouse MAb78. The experi- 
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FIG. 5. Cytotoxic activity of I ng/ml huTNF-a neutralized by 
different concentrations of chimeric MAb78A in the absence or 
presence of different concentrations of humanized MAb78D. 
(o) chimeric MAb78 alone; ( ) + 200 ng/ml humanized 
MAb78D; ( A ) + 400 ng/ml humanized MAb78D; (A) + 600 
ng/ml MAb78D. 
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ments reported in Figs. 3-5 showed this to be indeed the case for 
MAb78D The parallel shifts caused by MAb78D on the dose- 
response curve of 1 ng/ml huTNF-a in the presence of increasing 
doses of chimeric MAb78A (Fig. 5) are suggestive of competi- 
tive antagonism. This observation is not unprecedented because 
it has been recently reported that a humanized Fab fragment of 
an anti-pl85 HER2 MAb inhibits the antiproliferative activity of 
the chimeric equivalent." 5 * At variance with MAb78D, how- 
ever MAb78C did not inhibit the neutralizing activity ot 
chimeric MAb78A at all concentrations tested. This is surprising 
because MAb78C had binding and neutralizing activities very 
similar to those of MAb78D. 

On the basis of the above results, we speculated as to possible 
modes of huTNF-a-MAb78 interactions that could explain the 
observed antagonistic activity of MAb78D. A first possibility is 
that MAb78 leads, upon binding, to a modification of the 
huTNF-o conformation such that interaction with complemen- 
tary cell-surface receptors is inhibited. Such a mechanism is 
referred to as an allosteric effect (3 « and has been suggested to 
operate in several antigen-antibody systems/ Thus com- 
pared to murine or chimeric MAb78, humanized MAb78D 
would bind huTNF-ot with an efficiency corresponding to the 
decrease in affinity but would be far less efficient in causing 
conformational modifications of huTNF-a. Therefore, at certain 
concentrations, MAb78D would successfully compete with 
murine or chimeric MAb78 for huTNF-oc binding, thereby 
leading to an inhibition of the neutralizing activity of the latter 
antibodies while being by itself unable to neutralize huTNF-a. 

A second model can be derived from the observation that 
huTNF-a,anoncovalently-linkedtrimer, <3839) induces thebiolog- 

ical response through multisite binding to and subsequent cluster- 
ing of cell-surface receptors/ 40 4 " Possibly, MAb78 (murine or 
chimeric) prevents receptor clustering, thereby leading to neutral- 
ization, through binding of a single paratope to huTNF-cr 
M Ab78D would be unable to do so because critically involved FR 
residues are lacking. Binding of at least a second, perhaps a third 
paratope and, consequently, higher antibody concentrations, 
would be required to achieve the same effect. This would explain 
the difference in neutralizing potency. On the other hand, binding 
of one MAb78D paratope to huTNF-ot would be sufficient to 
reduce, for steric reasons, the affinity of MAb78 (murine or 
chimeric) paratope binding to huTNF-a. Therefore, at certain 
concentrations, MAb78D would bind to huTNF-a without neutral- 
izing it, but atthe same time reduce the affinity ofbindingof murine 
or chimeric MAb78, thereby causing antagonism. 

Both models, however, do not explain why MAb78C was 
devoid of antagonistic activity. Possibly, determination of the 
affinity alone, as has been done in the present work, may not be 
sufficient to characterize the mechanism of binding in all cases. 
Determination of kinetic and/or thermodynamic parame- 
ters 03.35) may be more useful in this regard and, possibly, 
explain the differential capacity of M Ab78C and D to antagonize 
murine or chimeric MAb78 



into one with greatly reduced activity, while the loss in antigen- 
binding activity was much less important. 



LIIIIIC Ul vumiwiiv ^ ^ 

In conclusion, we have described in ihc picse»: iC F c» z 
humanized anti-huTNF-a antibody that acts as a partial, com- 
petitive antagonist of the original, template antibody. The 
results point, at least in the present antigen-antibody system, to 
a critical role of FR residues in shaping the biological (neutral- 
izing) activity of a MAb. Changing the original FR sequence to 
a related, but different one, converted a neutralizing antibody 
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Brief Definitive Report 



MODULATION OF ENDOTHELIAL CELL HEMOSTATIC 
PROPERTIES BY TUMOR NECROSIS FACTOR 

By PETER P. NAWROTH and DAVID M. STERN 
From the Oklahoma Medical Research Foundation, Oklahoma City, Oklahoma 73104 

Recent studies (1,2) have indicated that endothelium provides a focal point 
for the interaction of mechanisms inhibiting and promoting activation of coag- 
ulation* Perturbation of endothelium can induce procoagulant activity, allowing 
these cells to initiate and propagate an entire coagulation pathway leading to the 
deposition of fibrin (2). Thus, modulation of endothelial cell coagulant properties 
could play a role, comparable to the traditionally accepted leukocyte procoagu- 
lants, in promoting fibrin deposition in response to inflammatory and neoplastic 
stimuli.' . • "■' >''- : ; v : ;: ; / : . ; ;> ' -"' K . 

Prompted by ^ and the recently described (3) identity between 

tumor necrosis fodor (TNF) and cachectin, a mediator of the host response in 
gram-negative sepsis (4), we have examined the effect of TNF on the coagulant 
properties of endothelium. The results indicate that cultured bovine aortic 
endothelial cells incubated With recombinant TNF have (enhanced procoagulant 

: activity, tissue factor, and concomitant suppression of the protein C pathway, an 
antithrombotic mechanism that functions on the surface c "quiescent endothelial 
cells. This unidirectional shift in endothelial cell hemostatic properties promoting 
clot formation provides insight into the inte^llulaur^ sigrayln^l^ ^ which a 

^monokine gbnerat^, in response to : sepsi£ra&^ 

rf- \r . J ■ - Materials and Methods ; • ;■ -v } r- : ,'f\ • *yy : > 

- Cell Culture. Bovine aortic and human umbilical vein endothelial 
aria characterized as (mvi^ly:aescribed (5). i'-?* Kc. .4H^& ~M :>: '^& 

Treatment of Endothelial Cells with TNF. Experiments were carried out 24^ h after 
endothelial cells reached confluence using primary cultures and serially, passaged cells 
(passages 1-8). Monolayers Were washed three times with HESS (Gibco Laboratories, 
Grand Island, NY), serum-free medium was added along with TNF, and cells were 
incubated for the indicated times at 37 °C. After the incubation period, cultures were 
washed three rimes with incubation buffer and assayed for tissue factor activity (9.6-an s 
wells), the ability to promote thrombin-mediated protein C activation (0.32-cm* wells), 
or the ability to promote activated protein C-protein S-mediated Factor Va inactivation 
(0,79-cm a wells). 

Reagents and Assays. Recombinant human TNF, generously provided by BASF (Lud- 
wisshafen. Federal Republic of Germany), was used for all studies. This TNF preparation, 
which was free of detectable endotoxin at the concentrations used in these experiments, 
migrated as a single band with an Af r of 17,000 under both reducing and n nreducing 
conditions n SDS-PAGE. This material has identical properties to previously described 
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(6) preparations qf TNF (a manuscript concerning the detailed characterization of this 
TNF is in preparation by BASF). Heat treatment of TNF was carried out at 70°C for 1 
h, and resulted in loss of cytolytic activity and loss of its effect on endothelial cell coagulant 
parameters (Fig. 1). 

All coagulation factors were of bovine origin. The synthetic substrate tissue factor assay 
(Table I) (7) was carried out by adding purified Factors Vila (8 nM) (generously pr vided 
by Dr. W, Kisiel, University of New Mexico, Albuquerque, NM) and X (1.3 mM) (2) to 
monolayers in incubation buffer (1 nil) for 10 min at 21 °C. Where indicated, rabbit anti- 
tissue factor IgG was added (200 jig/ml) (8) (generously provided by Dr. R. Bach, Mt. 
Sinai School of Medicine, New York) for 30 min before the assay. One sample (0.1 inl) 
was removed from each reaction mixture and assayed for Factor Xa by monitoring (at 
405 nm) hydrolysis of the chromogenic substrate benzo-Ile-Clu-GIy-Arg^-nitroanilide 
(Helena Labs, Beaumont, TX) (0.1 ml; 0.05 nM) (2). Factor Xa formation was linear, 
only limited by the amount of tissue factor. Tissue factor activity was also assessed using 
a one-stage coagulant assay as previously described (7). The amount of tissue factor 
present was determined by comparison of the clotting time with a standard curve using 
the same coagulant assay and purified bovine tissue factor inserted into phospholipid 
vesicles (8) (generously provided by Dr. R. Bach). 

Thrombin-mediated protein C activation was studied, as described previously (9), by 
incubating samples with thrombin (0.1 U/ml) and protein C (85 pg/mi) for 40 min at 
37°C in incubation buffer (0.1 ml). Antithrombin III (0.2 mg/ml) was then added to 
neutralize residual thrombin, the reaction mixture was assayed for activated protein C by 
monitoring (at 405 nm) hydrolysis of the chromogenic substrate i>Phe-Pip-A^-niu^ban- 
ilide (Helena Labs; 0.05 ml; 2 mM). Aciiiated protein C formation over endothelial cell 
monolayers was linear over the time of the asray. ; t i ; - V 

Protein IS and Factor Va were purified to homogeneity as described (10). Activated 
protein C-protein S-mediat^ Factor Va in^ was studied by adding activated 
protein C (1 nM), protein S (2 nM) anil Factor Va (70 nM) for 1.5 min Jit 2 W to 
monolayers in incubation buffer (0.5 ml). Samples were removed, one from esich reaction 
mixture, and assayed for residual Factor Va activity using one-stage dotting assay (10). ti . 
Rates of Factor Va inactivation were determined from the slope of the. iineai^initial 
portion of a plot of Factor Va activity versus incubation time. 

Results 

In contrast toith^ c^toxic effiecf of TN 
6), TNF Sii^ 

cytotoxicity.; ^ modulated endpA 

.properties. Tissue factor, a, cofactor initiating coagulation ,$ys not nomaljy 

expressed on tfiesu^ 

endothelial cells Willi TN F ted 1 ' to a dosc-dcpchdent induction of .jSsjm »'&cto^; 
(Fig. 1 it). The identity of this procoagulant activity as tissue fector was ?onfirmed 
by the Factor Vila-Dependence of Factor X activation, which could be prevented 
by anti-tissue factor IgG (Table 1), Although neoplastic tissue has been reported 
(1 1) to have a direct Factor X activating enzyme, TNF did not induce significant 
amounts of this activity in endothelium (Fig. I A, and Table I). Destruction of 
TNF cytolytic activity by heat treatment; also prevented the induction of endo- 
thelial cell tissue factor* indicating a requirement for the functionally active 
molecule (Fig. 1). Similar heat-treatment of endotoxin had no effect on the 
induction of endothelial cell tissue factor (data not shown). Tissue factor activity 

9.h la<r inrr«»s»»»H steariilv un to 1 0 h. and 

thereafte/slowly declined (Fig. 1 B). This issimilar to the decay of IL-l-induced 
endothelial cell tissue factor activity (12), though th decline appears more 
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Figure 1. Effect of TNF on endothelial ^ 

endothelial cells were incubated with TNF and the effm (A, . 

^)/thTOmbin^me^iat©d activated proteinic formation (C/O) and activated protein C-protein 
r: ^medfcted/Fac^ 

induction on the dose of TNF. Mowibyers were incubated with the. indicated concentration 
of.TNF (X) forli2'h. T 

-as described in the text! Where indicated; Factor Vll-deficient plasma replacetl normal plasma 
(A). Heat-treated TNF,(Q) or cycloheximide (2 pg/ml) (#) were added to certain cultures. (B) 
Time course of tissue factor induction. Monolayer were ih^ medium 
alone (A) or in the presence of TNF (10 nM) (X). Cycloheximide (#) or heat-treated TNF (O) - 
was added where indicated. Tissue factor was assayed as described in Materials and Methods. 
Where indicated; Factor VH-deficiem plasma was used (4). (C) Dependence of decreased 
thrombin-mediated protein C activation on the dose of TNF. Monolayers, were incubated with . 
the indicated concentration of TNF (X) or heatrtreated TNF (O). Endothelium was then 
incubated with thrombin and protein C t as described in the text, to assess its ability to promote 
thrombin-mediated protein C activation. Where indicated, goat anti-rabbit thrombomodulin 
IgG (150 Mg/ml) was preincubated with endothelium for 30 min (•). Control IgG from 
nonimmune animals had no effect on the assay. Resuits are expressed as activated protein C 
{APC) formed per 40 min per 10* ceils. (£). Time course of decreased thrombin-mediated 
protein C activation. Monolayers were incubated with TNF (10 nM) (X), heat-inactivated TNF 
(O). or with serum-free medium alone (A) for the indicated times, and washed. Where indicated , 
goat anti-rabbit thrombomodulin IgG (150 Mg/ml) (generously provided by Dr. N. Esmon, 
Oklahoma Medical Research F undation) was preincubated with endothelium for 30 min (#). 
Endothelium was th n incubated with thrombin and protein C as described in the text to 
assess its ability to promote thrombin-mediated protein C activation. Results are xpressed as 
activated protein C (APC) f rmed per 40 min per I0 5 c lis. (E) Dependence of decreased 
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Table I 

Activation of Factor X by TNF-treated Endothelial Cells 



Cell treatment 


Assay reaction mixture 


Factor Xa formed 
(ptnol/10 6 cells) 


None 


Vila. X 


3±1 


TNF 


VHa, X 


108 ±17 


TNF 


: ' V : ;:X 

VI la, X, ami-tissue factor IgG 


4±l 


TNF 


U±l 



Endothelial cell monolayers were incubated with or without TNF (10 nM) for 12 h 
in serum-free medium and washed with incubation buffer. The tissue factor assay 
was then carried out using Factors Vila and X as described in the text. Values are 
expressed as Factor Xa formed within 10 min. 



gradual in the case of TNF. Procoagulant activity on the endothelial cell surface 
was not due to expression from a preformed pool, since lysates of control 
endothelial cells did not have significant tissue factor activity. Furthermore, 
cycloheximide (2 Mg/ml) blocked the induction of tissue factor by TNF, indicating 
a requirement for de novo protein synthesis (Fig. IB). Thus, TNF induces 
endothelium to synthesize and express tissue factor. Similar results were observed 
with cultured human umbilical vein endothelial cells (data not shown). 

In view of the potent anticoagulant mechanism 
cell surface, induction 
vessel surface to play a role in the 

context, the importance of end^ participation in the regulation of 

coagulation is exemplified by the thrombotic diathesis observed (13) in kindreds 
deficient in protein C or protein S, since function of the protein C anticoagulant 
pathway is dependent on cofactors present on the endothelial cell surface: 
Endothelium provides both a cell surface protein, thrombomodulin (25), en- 
hancing thrombin-mediated formation of the anticoagulant enzyme-activated' 
protein C, and cofactor activity promoting assembly of activated protein C- 
protein S complex, which is the functionally effective anticoagulant unit df^Ae 
protein C pathway. Activat^^ was in large part dependent 

on the presence oiF endothelial icett } thrombomodulin, as indicated byi the lj M5%$ 
inhibition of protein C activation in the presence of antithrombomodulin leG 
(Fig. I C). ; TNF resulted in ^ 

dependent thrombin-mediated protein C activation., At a TNF concentration of * 
30 pM; thrombomodulin-dependent protein C activation was decreased by 
^50%. Decreased activated protein C formation was also dependent on the 



activated protein C-protein S-mediated Factor Va inactivation on the dose of TNF. Mono? 
layers were incubated with the indicated concentration of TNF (X) or heat-treated TNF (O) 
for 1 2 h. Endothelium was then assayed for the ability to promote activated protein C-protein 
S-mediated Factor Va inactivation after incubation with activated protein C, protein S v and 
Factor Va, as described in the text. Results are expressed as the rate of Factor Va inactivation 
per 10 s cells. (F) Time course of decreased activated protein C-protein S-mediated Factor 
Va inactivation. Monolayers were incubated with TNF (10 nM) (X), heat-inactivated TNF (O). 
or with serum-tree medium alone (A) tor the indicated times, and washed. Endothelium was 
then assayed for the ability to prom te activated protein C-protein S-mediated Factor Va 
inactivation after the addition of activated protein C, protein S, and Factor Va, as described 
in the text. Results are expressed as th rate of Factor Va inactivation per 10 5 cells. 
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incubation time f endothelium with TNF, with an effect evident by 1 h and 
maximal after 6 h (Fig. ID). Controls indicated that decreased protein C 
activati n was due to decreased formation of activated protein C rather than 
inactivati n f the thrombin added or the activated protein C formed. 

Recent studies (10) have shown effective assembly of functional activated 
protein C-protein S complex on the endothelial cell surface promoting Factor 
Va inactivation, and thereby regulating thrombin formation. Activated protein 
C is the enzyme and protein S functions as the cell surface cofactor (10). In 
contrast to the rapid Factor Va inactivation observed with control monolayers, 
after incubation with TNF, the rate of Factor Va inactivation was reduced (Fig. 
1 £). This affect was half-maximal at a TNF concentration of 40 pM. The rate 
of Factory Va inactivation was attenuated in a time-dependent manner after the 
addition of TNF to cultures with negligible rates after 8 h (Fig. 1 F). 

Discussion 

The results reported here indicate that TNF induces endothelial cell tissue 
factor while suppressing endothelial cell-dependent protein C activation and 
anticoagulant function on the cell surface. Comparison of the time course and 
dose-response curve for TNF modulation of these distinct cellular coagulant 
properties indicates striking ' slmforities in all cases (Fig. 1). This suggests that 
expression of these hemostatic properties may be under .coordinate control at 
the intracellular level. Since a concerted change in the endothelial cell surface 
promoting the activation of coagulation involves both anticoagulant and prpco- 
agulaht properties, such i a linked control mechanism seems logical. The result of 
these changes is indicated by previous studies (2) showing that the induction of 
tissue factor in endothelial cells initiates a procoagv lant pathway leading to the 
deposition of fibrin. Loss of effective function of the protein C anticoagulatnt 
pathwayi) further enhances . the propa gatipn L .pf ; .pnKMgulantv lections on r the 
endothelial cell surface.. The net result o^ 
unidirectional shift in the balance of anticoagulant and p^OT^ 
on the endothelial cell surface from, the 
mechanisms predominate, to a;stimujat^-sto^ 

-aredoininarit.. . . • .r^vv,:^*^-* ! ^wifcv^'v • • •• • 
Fibrin deposition and activation of macrophages around,: malignant tissues, 
potentially resulting in local TNF release, is commonly observed by pathologists. 
Furthermore, the histologic description of the effect of TNF on tumors in vivo 
is often referred to as hemorrhagic necrosis. This leads to the hypothesis that 
local effects of TNF on endothelial cell coagulant properties could result in a 
coagulopathy, interrupting normal blood flow to the tumor and leading to 
necrosis. This suggests a model in which monokines alter endothelial cell hemo- 
static properties promoting clot formation, potentially limiting pathologic proc- 
esses such as infection and tumors. 

Summary 

Turn r necrosis factor/cachectin (TNF) is a mediator of the septic state, which 
inv Ives diffuse abn rmalities of coagulation thr ughout the vasculature. Since 
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previous studies have shown that endothelial cells can play an active role in 
coagulation, we wished to determine whether TNF could modulate endothelial 
cell hemostatic properties. Incubation of purified recombinant TNF with cul- 
tured endothelial cells resulted in a time- and dose-dependent acquisition of 
tissue factor procoagulant activity. Concomitant with enhanced procoagulant 
activity, TNF also suppressed endothelial cell cofactor activity for the anticoag- 
ulant protein C pathway; both thrombin-mediated protein C activation and 
formation of functional activated protein C-protein S complex on the cell surface 
were considerably attenuated. Comparable concentrations of TNF (half-maximal 
affect at ~50 pM ) and incubation times (half-maximal affect by 4 h after addition 
to cultures) Were required for each of these changes in endothelial cell coagulant 
properties. This unidirectional shift in cell surface hemostatic properties favoring 
promotion of clot formation indicates that, in addition to leukocyte procoagu- 
lants, endothelium can potentially be instrumental in the pathogenesis of the 
thrombotic state associated with inflammatory and malignant disorders. 
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Identifying Patients at Risk 
for Thromboembolism 

Use of 125 l-Labeled Fibrinogen 
in Patients With Acute Myocardial Infarction 

Natalio Cristal, MD; Josef Stern, MD; Menachem Ronen, MD; 
Carlos Silverman, MD; Winston Ho, MD; Elisha Bartov, MD 



Fibrinogen labeled with Iodine 125 was used to detect deep vein throm- 
b sis (DVT) In 35 patients during their course and convalescence from 
acute myocardial Infarction. Clinical status was assessed and scored with 
th use of a modified coronary prognostic Index. 1 According to the prognos- 
tic scores, patients were allocated to one of two groups. Of 27 patients in 
good clinical condition, DVT developed in only one patient, whereas throm- 
boembolic complications occurred In seven of eight patients who were se- 
v rely III— a highly significant difference. Prophylactic anticoagulation is ad- 
visable In patients at risk. 
(JAMA 236:2755-2757, 1976) < 



IT IS widely accepted that anti- 
coagulants are effective in preventing 
the thromboembolic complications of 
acute myocardial infarction (MI). 2 3 
Because the presently available anti- 
coagulant drugs are not invariably 
effective and are not always safe, it 
seems wise to reserve their use for 
those patients in whom the risk of de- 
veloping thromboembolic complica- 
tions is high. Russek et al 4 in 1953, 
and more recently, Ebert* in 1972, 
pointed out the importance of defin- 
ing the patient at risk for the devel- 
opment of thromboembolic complica- 



The l "I-labeled fibrinogen tech- 
nique is an|effective method for .the 
early detection of deep yerious throm- 
bosis (DVT| in the legs.*. 10 It has 
paved the way for a better under- 
standing off the natural history of 
thromboembolic complications and 
has provided a means for defining pa- 
tients who are at risk of developing 
them. ;< 

The present study was undertaken 
to evaluate the incidence of DVT in 
an unselected series of patients with 
acute MI in an attempt to define the 
characteristics of the throm boem bo- 
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METHODS AND PATIENTS 

During the period of the study, every pa- 
tient admitted to the coronary care unit 
(CCU) received potassium iodide, 120 mg 
orally, on the day f admission. Patients in 
whom the diagnosis of acute MI was con- 
firmed by development of Q waves in the 



ECG or by a substantial rise in the levels 
of serum SGOT and creatine phosphokinase 
were selected for the study. They received 
1 mg of IM I-labeled fibrinogen (containing 
lOOpCi) intravenously 24 hours after ad- 
mission. In order to block the uptake of the 
'"I by the thyroid gland, potassium iodide/ 
60 mg, was given daily for two weeks.* Ra- 
dioactivity in the patients' legs was mea- 
sured at points marked off every 8 cm 
along a line between the femoral vein at 
the junction of the inguinal ligament and 
the posterior region of the medial mal- 
leolus. Measurements were done two and 
24 hours after the administration of the 
'"I-labeled 'fibrinogen and then every one^ 
to two days'f or the next 10 to' 14 days. The ; 
patients were examined with" use of a nu- : 
clear spectrometer, which records scintil- 
lation counts by means of a thallium- 
activated sodium iodide crystal and a 
photomultiplier unit contained within a 
glass shield together with a collimator of 
the 3.75-cm well type. 

The scanning was performed while the 
legs were elevated on a frame at an angle 
of 25° to the horizontal in order to min- 
imize blood pooling. Counts were made at 
each position for 30 seconds and were ex- 
pressed as a percentage of the precordial 

_a i i ; — 

wuim * vwi «-tv,vt o v uic aaiuc ocaoiuu. 

A radioisotopic diagnosis of DVT was 
made if a difference of 20% or more be- 
tween corresponding points on the two legs 
or adjacent points on the same leg lasted 
for more than 24 hours. A difference f 
more than 30% in either of those cases was 
considered DVT even if it was present for 
less than 24 hours. Daily examinations f r 
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clinical signs of DVT were performed. 

Thirty-five patients were included in the 
study. Of these, 11 were women and 24 
were men. The mean age was 63 years, 
with a range of 49 to 90 years. In general, 
the patients were instructed in physio- 
therapy exercises and were free torn ve 
in bed. Early ambulation was encouraged, 
and patients were allowed to sit by the 
bedside as soon as their status permitted. 
The mean stay in bed was five days. None 
of the patients received prophylactic anti- 
coagulant therapy, and only one patient re- 
ceived anticoagulants after the develop- 
ment of pulmonary embolism. 

The clinical condition was assessed on 
admission and was scored according to the 
coronary prognostic index (CPI) proposed 
by Norris et al. 1 With each fluctuation in 
the patient's condition, the CPI was re- 
scored. The reassessment of the CPI was 
performed without knowledge of the devel- 
opment of isotopical evidence of DVT. It 
should be noted that only three among the 
six variables used to construct the Norris 
CPI may change during the course of the 
disease (blood pressure, heart size, and 
lung fields) while the remaining three (age, 
position of the infarction, and previous is- 
chemia) cannot change in a single admis- 
sion. 

According to his maximal score, every 
patient was allocated to one of two groups: 
those with a CPI score of 10 or higher 
(there were eight patients in this cate- 
gory), and those with a CPI score of less 
than 10 (there were 27, patients in this 
category). 

RESULTS 

-Deep vein t thrombosis was diag- 
nosed isotopically in six patients (5 
men and 1 woman). In two patients, 
calf pain was noted; in a third, pulmo- 
nary embolism was diagnosed on the 
tenth day. In three patients, DVT ap- 
peared only in the left leg; in another 
three, the isotopical evidence of DVT 
appeared in both legs. One thrombus 
was confined to the left popliteal 
fossa, seven thrombi developed in the 
calf, and one was located in the ankle 
zone that extended toward the calf. 
Among the seven thrombi that devel- 
oped in the calf, one progressed from 
the right calf proximally to the thigh. 
The day on which the thrombi became 
isotopically evident in these patients 
is depicted in Fig 1. 

Among 27 patients with CPI scores 
less than 10, only one patient had 
isotopic evidence of DVT, while five 
out of eight whose CPI score was 10 
points or more had the complication. 

It is remarkable that in two of the 




Schematic drawing shows location of thrombi and day on which they were diagnosed. . 
Three thrombi were, present in right leg, six in left. Graph shows incidence by number of 
days after myocardial infarction. 



remaining three patients in the last : 
group, evidence of mural thrombi was it 
found. One patient had an acute oc- 
clusion of the left femoral , artery; %he : 
embolus extracted ^ , 
occlusion showed evidence of radio- : 
activity. In the second patient, a mu- 
ral thrombus was found at autopsy 
three weeks after the acute MI. Since 
mural thrombi are themselves throm- 
boembolic complications, these find- 
ings raise the thromboembolic compli- 
cation rate in this group to seven of 
eight. 

COMMENT 

The use of the 135 I-labeled fibrino- 
gen test has shown that in 20% to 40% 
of patients with acute MI, radio- 
isotopic evidence of DVP develop in 
the lower limbs. 11 - 18 These figures are 
somewhat surprising. Myocardial in- 
farction is a dangerous disease, but in 
most patients it is not a prostrating 
one. The majority of patients with MI 



are,, after relief of pain, in a clinical 
condition not much different from 
I that .of -patients suffering from jdis- 
. eases in which ttombpembolic; com- 
plications seldom , develop. In 1953, 
.Russek* .pointed out that patients , 
with acute MI could be divided into 
two groups: one had a very low mor- 
tality and also had a low incidence of 
thromboembolic complications; the 
other had a high mortality and a high 
incidence of thromboembolic compli- 
cations. 

This suggestion is supported by our 
finding that in the group defined in 
our study as low risk, only one of 27 
patients had radioisotopic evidence of 
DVP, whereas such evidence was 
present in five of eight patients at 
high risk (ie, suffering from myo- 
cardial damage that resulted in 
hemodynamic derangement clinically 
manifested as hypotension, shock, or 
congestive heart failure). Tw pa- 
tients of the remaining three in this 
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Results of Studies Correlating Patient Condition and Occurrence of OVT* 




No. of 
Patients 


DVT 


CPI <10 


DVT 


CPI >10 DVT 


Murray et al" 


35 


12 








Nicolaides etal" 


31 


6 


25 


3 


6 3 


Maureret al" 


100 


34 


77 


27 


12 7 


Kotilainen" 


52 


11 


37 


4 


13 7 


Simmons et al" 


69 


24 


26 


1 


63 23 


Present study 


35 


6 


27 


1 


8 5 



*DVT Indlcate3 deep vein thrombosis; CPI, coronary prognosis index. 1 



category had mural thrombi, making 
the overall incidence of thrombo- 
embolic complications in this group 
quite high. 

The results of similar works are 
summarized in the Table. Although 
the definition of "high risk" or "se- 
verely ill" patients differs from study 
to study, the incidence of DVT in 
each study was substantially higher 
in the patients at high risk than in 
those not considered to be severely 
ill. The incidence of DVT in the pa- 
tients at low risk ranged from 1 in 
26" to 27 in 77 patients. 13 The wide 
range probably reflects differences in 
the populations - studied, in the 
amount of activity allowed the pa- 



tient in bed, and in the different cri- 
teria used for the radioisotopic diag- 
nosis. 

Little progress has been made in 
our understanding of the mechanisms 
responsible for the development of 
thromboembolic phenomena since the 
three-factor hypothesis of Wirchow et 
al. 16 Since substantial alterations in 
the blood components or the venous 
endothelium have not been described 
during the acute phase of MI, it 
seems likely that the third factor, 
namely, slowing of the blood flow in 
the venous system, is probably re-> 
' sponsible. 16 Conditions causing slow- . 
ing of the venous blood flow are pres- 
ent in patients with hemodynamic 



derangements (ie, congestive heart 
failure, venous ectasia, low cardiac 
output, anoxia, and poor hydration). 
Prolonged bed rest with decreased 
muscular activity is also conducive to 
slowing of venous flow. 

The CPI as proposed by Norris et al 
in 1969' provides an objective method 
of scoring these complications, pro- 
vided it is reassessed according to 
fluctuations in the patient's clinical 
condition. We chose a score of 10 as 
the dividing line between the high 
risk and low risk patients because, in 
order to reach this score, either hypo- 
tension or congestive heart failure 
had to be in evidence. 

The results of our study show that 
the CPI scoring system is an easy and 
effective method for evaluating the 
severity of MI. It offers enough sensi- 
tivity and specificity for detection of 
patients at high risk of developing 
thromboembolic complications. 

We believe that the patients thus 
. defined should receive anticoagulant 
therapy unless serious contraindica- 
■ tions exist. 
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Endog nous cytokine antagonists during myocardial 
ischemia and thrombolytic therapy 
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We tested the Idea that cytokine antagonist* are released 
during acute myocardial Ischemia to counteract prolnftenv 
matory effects Itf cytDtt^ changes In 

plasi^cwiicert^ 

Irecep- 




.^wvzrm^ji^^ 

In prtiwte wtth Alfl or U/L l » < ^ ^ , wtn^ 



rk>w In untreatsd patients. IL- 




sTNFr between 




tton caused by cytoldntt ami 

tion. (a* heart j 1996;130:204-11.) 



- Coronary artery inflame the 
pathogenesis of unstable coronary syndromes, in- 
cluding myocardial infarction. 1 Inflammation may 
alter the integrity of endothelium and cause expo- 
sure ofthrombogenic materiel in the plaque with dot 
formation and reduction of coronary flow. Myo- 
cardial reperfusion after ischemia also causes an 
inflammat ory response with leakage of plasma con- 
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stituents into the interstitial space and accumula- 
tion of polymorphonuclear leukocytes and macro- 
phages at tiie site of irgury. 2 Numerous deleterious 
substances are released by the invading cells, in- 
cluding superoxide anion, hydrogen peroxide, throm- 
boxanes, and leukotrienes. 2 Th^se substances injure 
further myocardial cells already damaged fay hy- 
poxia. Thus the magnitude of tissue iiyury depends 
on degree and duration of the initial ischemic insult 
and on the effects of toxic products released hy infil- 
trating inflammat ory cells. That th a iWl»irni^fr>ry 
response contributes to cardiac tissue injury is dear 
from the protection of reperfused myocardium af- 
forded by depletion of circulating neutrophils. 3 - 4 

In addition to "classic" mediators off inflammation, 
activated monocytes and macrophages release proin- 
flammatory cytokines such as interleukin-1 (IL-1), 
tumor necrosis factor (TNF), ^ 
6). 6 These cytblnne« pfiiwv jn^l [ rjntiftm^ | j^ S fotjjj T 
systemic acute phase responses, including fever, 
leukocytosis, hepatic protein synthesis, and release 
, of adrenocortical hormones . A proportion cf patients 
vritb acute myocardial ^ in^ 
creased plasma concentrations of TNF an^ 



ion 

of the acute-phase response observed in patients 
with AMI. 8 ? r - •;. -V 

Cytokine antagonists have been identified, and it 
is clear that these molecules can protect the host 
against the detrimental effects of cytokines. Inter- 
leukin-1 receptor antagonist (IL-lra) is an 18 kDa 
protein that binds to type I and II IL-1 receptors 
without inducing cell signaling, thereby antagoniz- 
ing the effects of IL-1 in vivo and in vitro. 11 Effects 
ofTNF are inhibited by soluble forms of its receptors 
(sTNFr): 65 and 75 kDa TNF receptors, shed from 
the cell surface, bind the cytokine in the circulation 
and reduce its effects • Research has shown increases 
in plasma concentrations of IL-lra and sTNPr in pa- 
tients with AMI. 10 The neuropeptide a-melanocyte- 
stimulatiug hormone (a-MSH) is an anticytoJrine 
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Table I. Clinical findingB in the AMI group 



Patient 


Age 






Time from onset 


Thrombolytic 


KUlip's 






no. 


fyr) 


Sex 


AMI site 


of chest pain (hr) 


therapy 


class 


EF*(%) 


Complication 


1 


55 


M 


Inferior 


3 


SK 


I 


60 


Silent ischemia 


2 


68 


F 


Anterior 


4 


SK 


I 


40 




3 


68 


M 


Inferior 


2 


SK 


I 


45 


Postsnferc^on 
ajurina 


4 


57 


M 


Anterior, recurrent 


9 


SK 


I 


40 


EF induction 


5 


64 


M 


Inferior 


13 


SK 


I 


56 




6 


65 


M 


Inferior 


5 


SK 


I 


60 




7 


64 


F 


Inferior 


3 


SKand UK 


I 


65 


Tamponade by 
t^miy^. nipturc 


8 


59 


F 


Non— Q-wave 


3 


SK 


I 


60 




9 


25 


M 


Inferior 


3 


. None 


I 


60 




10 


48 


M 


Nbn-Q-wave 


6 


None 


I 


50 


Silent tpg^ftmin 


11 


63 


F 


Inferior end posterior 


5 


SK 


I 


65 




12 


66 


M 


Anterior 


10 


rTPA 


I 


55 




13 


68 


M 


Anterior 


3 


SK 


I 


54 


Atrial fibrillation 


14 


51 


M 


Anterolateral 


4 


rTPA 


I 


55 




15 


58 


M 


Interior, postenoTj 
end lateral 


5 


SK 


I 


60 




16 


67 


M 


Anterior 


8 


SK 


I 


45 


Atrial fibrillation 


17 


46 


M 


Anteroseptal 


5 


SK 


I 


55 




18 


66 

*• ■ ■ .u. 
- j V. t; - 


M 


Inferior and 
anterolateral, 
recurrent 


4 


SK 


I ; " 


41 




19 


53 


M 


Anterior 


1.5 


SK 




70 




20 


51 


.. M 


Inferior 


, 3 


SK 


••• • I ; ■•. 


65 




* 21 


" 64 
& 


;M 


Inferior 


21 


rTPA . 




50 




22 


F 


Lateral 


3 


SK 




55 




23 


53 


M 


Inferior 


2 


rTPA 


i 


65 




24 


69 


M 


Anterior \ 


. 3 


rTPA 




• 55 




25 


53 


M 


Anterolateral 


3 


rTPA 


: .'I:' -" 


40 




26 


54 


M 


Inferior 


2 


rTPA 




60 





BF f Ej&rtan fraction; fly, streptokinase; UK, urokinase. , ' ' .,*?..>.■ ■ / ■ 

- Data compiled firom American Society of Echocardiography Committee on Standards. J Am S« Echpcardiogr, 1989^:358-67. 



molecule with a broader spectra action. 12 * 14 This 
13-amir o acid i 



; derivative^aiiT 



tagonizesproinflamm 

and other mediators of inflammation, including 
platelet-activating factor (PAF) t leukotriene B 4 , and 
interleukin 8 (IL-8). 15 ' 16 Although understanding of 
the mechanism of action of a-MSH is incomplete, its 
potent antiinflammatory effects have been docu- 
mented in many models of inflammatory and infec- 
tious disorders that involve cytokines, 12 * 14 

We tested the idea that cytokine antagonists are 
released into the circulation during myocardial is- 
chemia to counteract proinflammatory effects of cy- 
tokines. In addition, because it appears that reper- 
f tunffin causes greater inflammation than iscaemia 
per se, we investigated changes in cytokine antago- 
nists in patients treated with thrombolytic agents 
compared with those in patients who did not receive 
them. Plasma neopterin was measured as a marker 
of macrophage activation. 17 



Table II. Clinical findings in the UA group : 



■^ifymt^ 






'< x ■ *■ "thfbinbo^^ 
^^■^th^ap^^^ 










• 1 - 


54 




, rTPA . 


2 


62 


M 


■ - uk • ; 


3 


84 


M 


None 


4 


54 


P 


SK 


5 


58 - v 


M 


None 


6 


64 


F 


None 


7 


51 


M 


None 


s 


63 


M 


rTPA 



SK, Streptokinase; UK t urokinase. 

METHODS 

Patients. Thirty-four patients admitted to the coronary 
care unit (CCU) of the Ospedale Maggiore, Milan, for pro- 
longed chest pain were included in this study. Twenty-six 
of these patients, 21 men and 5 women, 26-69 years old, 
had AMI confirmed by electrocardiogram (ECG) and an 
increase in the creatine kinase (GK) MB isoenzyme. In 8 



206 AiraghietaL 



30 -| 
25 - 



3 aH 



10 



n 





800-1 




$ 


600 - 


e 


400- 








200- 



Jl 



3-1 
2 - 
1 - 



Fig. 1. Plasma concentrations of cytokine antagonists in 
patients with AMI or UA (hatched bars) on admission 
compared with those of control subjects (white bars). Val- 
ues are means ± SE. **p < 0.01. 



patients, 6 men and 2 women, 51-84 years old/the final di- 
agnosis on the basis of ECG findings and enzyme mea- 
surements was unstable angina pectoris (UA). Throm- 
bolytic agents, either etrcptokinase (Streptase^ 1.5 
Uov^ 

over a l£minute period followed by ^fiOO V far 12-24 
hours) or reco mbinant ifcjggue-typft plflnminng pn activator 
(rTPAMActilyse, lOmg bolus followed by 50 mg duringthe 
first hour and 20 mg/hr during the next 2 hours) were ad- 
ministered in 26 patients. No patients were receiving 
long-term treatment with nonsteroidal Antinflflmmnt^y y 
drugs. Clinical characteristics of these patients are shown 
in Tables I and II. Two patients with AMI were excluded 
from thrombolytic treatment: one because of concurrent 



pertensive crisis. Four other patients with prolonged chest 
pain did not receive thrombolytic therapy because their 
di ag nosi s on admission was UA. The time from the onset 
of chest pain, serum myocardial enzyme concentrations, 
acute-phase protein concentrations, white blood cell count, 
body temperature, ECG findings, and hemodynamic and 
electrophysiologic complications were recorded for each 
patient Concomitant therapy included heparin, salicylic 
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"1 1 T— 1 1 1 1 
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hours 

Fig. 2. Plasma a-MSH concentrations of samples taken at 
admission and every 3 hours thereafter for 24 hours were 
similar in patients with AMI (squares) and UA (circles). 
Values are means ± SE. 



acid, and nitrates in all patients; ^-adrenergic blocking 
agents were administered to 17 patients with AMI and 1 
patient with U A. Calcium-channel blocking agents were 
given to 10 patients with AMI and 4 patients with UA. 
Control blood samples were obtained from 30 normal blood 
donors, 23 men and 7 women, 26-64 years old. 

Protocol. Blood samples (10 ml in ethylenediamine tet- 
raacetic acid) were obtained immediately After AdhnBgi nn 
into the CCU, at 3-hour intervals for the first 24 hours, and 
subsequently every day for 4 days. Blood was immediately 
centriruged, and aHquots of plasma were stored at ^ 
a -MSH in unextracted plasma w 
ble-antibody radioimmunoa^ay (Milab, Malnid; Sweden); 
the lower limit of sensitivity of the assay is 5 pg/ml; the 
cross-reactivity with other propiomelanocortin peptides 
(corticotropin 1-24, corticotropin 1-39, ^snelanocyte-stim- 
ulating hormone, and 7-^elanocyte^timiuating hormone) 
is <0.002%. Plasma concentrations of IL-lra and sTNFr 
(75 kDa) were determined with enzyme-linked immun- 
osorbent assays (Quantikine, R&D Systems, Minneapolis, 
Minn., for IL-lra and Bender MedSystems, Wien, Austria 
for sTNFr). The limits of detection for IL-lra and sTNFr 
assays are 22 pg/ml and 0.08 ngfoil, respectively. Plasma 
IL-10 and TNF-a also were measured with enzyme-linked 
immunosorbent assays (Quantikine). The sensitivities of 
the assays are 4.5 pg/ml for IL-1 and 7.5 pgfrnl for THF. 
Plasma neopterin was measured with a double-antibody 
radioimmunoassay (Immutest Neopterin, Henning, Ber- . 
lin, Germany). The normal value is 1.4 ±0.6 ng/ml 
(mean ± SD). 



VokDMlSOiNumbwa 
Aimrican HMrt Jeunwl 



AiraghietaL 207 



2400 



2000 



1600 - 



1200 



800 - 



400 - 



4 -i 




i i i i i i i 
6 9 12 15 18 21 24 

hours 



Fig. 3. Variations in plasma concentrations of Urlra 
were similar, in patients with AMI (squares) and UA (cir- 
cles), but pattern of changes was different from that of cir- 
culating ot-MSH. Values are means t. SE. 
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Fig. 4. Although plasma concentration of sTNFr tended 
to be greater in patients with AMI (squcires) ihsix m 
patients with UA (circles) there were no significant differ- 
ences from UA values. Pattern of changes differ^ nx>m 
that of plasma a-MSH (Fig. 2) and somewhat from that of 
IL-lra (Fig. 3). Values are means ± SE. 



Statistics. Results are expressed as means ± SE. Sta- 
tistical analysis was performed by an omnibus analysis of 
variance for repeated measures followed by. Tuke/s t test 
for comparisons of individual means. Product-moment 
correlation coefficients were calculated to determine the 
significance of relations among certain measures. 

RESULTS v • .-- 

- Plasirar^toMneatitagOT 

On admission to the CGU, patients with AMI had 

plasma^ 

jJiat Wera 

subjects ! .(Fj^ D- FlasmaVc^ 
were similar in the AMI and UA groups at presenta- ? 
tion and decreased similarly in subsequent samples 
(Fig. 2). Initial concentrations of IL-lra likewise 
were similar in the AMI and UA groups, but the pat- 
tern of changes in this cytx)kine antagonist time 
differed from those in a-MSH. Mean plasma concen- 
tration of Urlra reached a peak 6 hours after 
admission and decreased thereafter (Fig. 3). Al- 
though patients with AMI tended to have IL-lra 
values that were greater than those of subjects with 
UA, there was no significant difference between the 
two curves. sTrir r values also were tuigiiuy gratier 
in patients with AMI than in patients with UA, but 
the differences were not statistically significant at 
any time (Fig. 4). The concentrations of all three cy- 
tokine antagonists were consistently low in samples 



taken on days 1-4. IL-1 was undetectable or at the 
lower limit of sensitivity of the method in all samples. 
Plasma TNF was detectable in approximately half of 
the patients, including two subjects with UA who 
had increased plasma concentration (13.5 and 30.8 
pg/ml)pf<the:cytpkine. : ^ , 

Effect erf m^ plasma cytokine 

antagnnl3ta. There was no 
of chest pain in patients who recew 
agents anil$h^^ 0 8 hours and 

'3.8 ±: 0.6^^1oTO>tj|^ £>Jfc05^ 
■ a-MSH concentrations in th^ 
untreated groups differed significantly (Kg. 6); 
whereas concentrations of thepeptide were increased 
in early samples from patients treated with a throm- 
bolytic agent, they were consistently low in un- 
treated patients. These observations suggested that 
an increase in a-MSH was associated with throm- 
bolysis; however, prethronibolysis measurements 
were not available because thrombolytic therapy was 
performed in the emergency department before ad- 
mission to the CCU. To determine whether throm- 

lating a-MSH, we measured plasma a-MSH before 
and after thrombolysis in four additional patients 
with AMI (patients 23-26, Table I). Although a-MSH 
concentration was normal in these patients on ad- 
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Fig. 5. In patients given thrombolytic agents (squares; 
n ■ 24), plasma a-MSH conc en trations in samples taken 
cor admission and 3 to greater 
than those ^6f patients whd did not receive thrombolytic 
agents (circles; n « 6). Values are means ± SE. **p < 0.01. 



mission, it markedly increased after thrombolytic 
treatment (fFPA), consistent with the idoa that rep- 
erfiision rather ^ the 
plasma concentration of th^ hormone (Kg.; 6). IL-1 ra 
concentrations lifo hours 
after treatment in patients who underwent throm- 
bolysis than in those who did not (Kg. 7), whereas 
there was no significant difference in plasma sTNFr 
between the two groups (Kg. 8) Mean plasma neop- 
terin, measured at 24 hours, also wee greater in the 
throiiabqrj^ than 
inl^ 

The proportion of p^BatB with detect^ plasma 
TNF was simi^ in titie thrombolysis-treated anil 
untreated groups (8 [33%] of 24 and 3 [50%] of 6, re- 
spectively). 

Correlations between cytokine antagonists and en* 
I from Injured myocardium. There were 
i concentrations 
of cytokine antagonists and of enzymes released from 
injured myocardium in the AMI group although the 
peaks occurred at different times. The IL-lra peak 
was positively correlated with the greatest concen- 
tration of CK (r = 0.56; p = 0.007), aspartate ami- 

— j #» /invm /_ Ait*. _ _ a aaai \ /TC— f\\ 

uuuoufiiCRue inui; \r ~ v.iu, y ^ v.wva/ \x i6* **H 

and lactate dehydrogenase (LDH) (r = 0.65; p< 
0.001). likewise there were significant correlations 
between fifTNF* peak concentration and peaks in CK 
(r = 0,48;p < 0.05), AST (r m 0.52; p < 0.05), and LDH 
(r = 0.47; p < 0.01), whereas peaks in plasma ot-MSH 
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hours 

Fig. 6. Plasma a-MSH concentrations in «nnp i«« taken 
on admission increased after treatment with rTPA (ar- 
rows) in four patients. Values are means ± SE. - 



were correlated only with AST peaks (r = 0.45; 
p<0.01). 



DISCUSSION 



^ These data show f that a-MSH, IL- lra; and sTNFr 
are released into the circulation during myocardial 
ischemia and thrombolytic treatment. It may be that 

ji these molecijdes i^uc© inflarojim 

J tokines and perhaps by other mediator of ^ 

. mation that are released by pro^ 
the inured myocardium. If this explanation is cor- 
rect, the mechanism is similar to protectian against 

, excessive cytokines at sites of inflammation in other 
inflammatory processes, such as in the synovial fluid 
of patients with rheumatoid arthritis, in which 
cytokines and their antagonists are found. 18 

Evidence from experimental models of acute myo- 
cardial ischemia indicate that inflammation associ- 
ated with ischemia and reperfusion contributes to 
tissue damage. 19 Neutrophils are believed to be cru- 
cial dctc r^-"-— - ~ s ■ zftzr rsperf*i£ien 
of ischemic myocardium through their release of cy- 
totoxic products. 20 Adhesion of neutrophils and 
monocytes to endothelial cells is an early event in the 
inflammatory response. 21 Cluster of differentiation 
(CD) leukocyte adhesion molecules CD1U/CD18 
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Fig. 7. Plasma IL-lra was increased 3 and 6 hours after 
in patients given thrombolytic agents (squares; n = 23) and 
was greater than that of subjects not given thrombolytic 
agents (circles; n = 6). Values are means ± SE. **p < 0.05. 
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Fig. 8. Plasma sTNFr tended to increase progressively 

after thrombolytic agents were administen^ 

n » 21), but values were not significantly^ 

those in patients who did not receive these agents (circles; 

n = 6). Values are means ± SE. 



(Mac-1) are up-regulated by chemotactic factors, in- 
cluding complement 5a (C5a) f-Met-Leu-Phe, EL-8, 
and PAF. Expression of Mac-1 starts within minutes 
f initiation of reperfusion. Locally produced cyto- 
kines, including TNF and IL-6, up-regulate CDlla/ 
CD18 (lymphocyte function antigen-1 [LFA-1]) on 
leukocytes and interceUidar adherence molecule-1 

. (TCAM-1) on endothehal to the ef- i „ 

fec^ cytokme-induced 
increase in adhesion molecoLdes is slow, peafidng at 3 ^ 

r s to, t 4 hours. Interactions of LFA-lj^ 
ICA^-1 are crucial to txansendothelial inigration; 
anti-CD J8 monoclonal antibodies inhibit tl^ inigra- 
tion. Patients with unstable angina show increased 
expression of Mac-1 in granulocytes and monocytes - 
from coronary sinus. 22 That adhesion and migration 
of leukocytes promote myocardial damage is indi- 
cated by the effectiveness of anti-CD18 monoclonal 
antibodies in reducing infarct size in models of 
ischemia and reperfusion. Antibodies to ICAM-1 
likewise reduce tissue infiltration and damage 
caused by neutrophils in reperfusion injury. 23 

Cytokine antagonists likely also inhibit the in- 
flammation associated with myocardial injury. Con- 
centrations of these antagonists in the plasma of pa- 
tients with myocardial infarction have been found to 
be similar to those in patients with endotoxemia. 24 
We suggest that these molecules represent a natural 
response to reduce inflammation during myocardial 
ischemia and reperfusion. In experiments in mice, 



a-MSH inhibited neutrophil chemotaxis into subcu- 
taneous sponges injected with IL-1, TNF, and CSa. 25 
Furthermore this potent antiinflammatory molecule 
significantly reduced neutrophil migration into the 
pulmonary tree in a mouse model of adult respiratory 
distress syndrome. 26 Preliminary in vitro observa- 
tions suggest tlttt ot-^H inhibits IL-8- and f-Met- 
Leu-Ph^induced diemotaxis of human neutrophils 
(Capsoni et^ Becaii^ chemo^ 

tactic fa<^rea^ 
hesioninoL^^ 

substances by &e release of a-j^Hmay^ 
erfusion injuj^:This idea is supported by t^^ 
increase in the plasma conoentradon of the peptide 
after thrombolysis. However, "a-MSH also antago- 
nizes proinflammatory effects of cytokines, including 
those of II>1& TTNFa, IL-6. 15 Therefore it may be 
that a-MSH inhibits later leukocyte adhesion and 
migration mediated by cytokine-induced LFA-1 and 
ICAM-1. Peaks in plasma IL-lra occurred later in 
patients with acute myocardial ischemia. This find- 
ing is consistent with antagonism of IL-l-induced 
adhesion molecules. 

An important question concerns the source of cy- 
tokine antagonists. Whereas it is clear that IL-lra 
and sTNFr are produced at inflammatory sites, the 
source of a-MSH is not certain. Early research indi- 
cated that the intermediate lobe f the pituitary was 
the source of a-MSH in the circulation. 13 However, it 
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Fig. 9. Positive correlation between plasma IL-lra and 
AST peaks in patients with AMI. 



is now clear that the peptide also can be produced by 
several nonpituitary tissues. 18 We recently found 
that the concentration of a-MSH in the synovial fluid 
of patients with rheumatoid arthritis is greater than 
that in plasma. 18 This observation clearly indicates 
that this potent antiinflanumatoiy peptide is pro- 
duced within a site of inflammation. Furthermore 
. the gene for the POMC precursor of a-MSH is 
expressed in the rat heart, and POMC is posttrans- ^ 
lationally processed to a-MSH by cardiac muscle 
^cells. 27 We suggest Oat inflammatory me>iia 
lease^ from 
feuediBc cells and thereby i^uob cheniotaxifl and in 
.flammation. ; " : J x VIS 

There was no difference in release of cytokine an- 
tagonistsin patients with AMI or JJA. This finding 
is consistent with recent observations by Iiuzzo et 
al. 28 that patients with UA have increased plasma 
concentrations of C-reactive protein and amyloid A 
in the absence of myocardial necrosis. la their study, 
increases in these markers of infinminfltittn at the 
time of hospital admission were associated with poor 
outcome. It appears that focal inflammation in the 
coronary arteries is involved in the genesis of unsta- 
ble angina. 1 Therefore the inflammatory state of a 
coronary lesion may be a more important determi- 
nant of the clinical outcome than is the degree of 
stenosis. 

We did not observe any increase in circulating 
IL-1, and plasma TNF increased in only a small 
number of patients. These findings are consistent 



with observations of the release ratio of cytokines 
and their antagonists: in general, production of 
IL-lra exceeds that of IL-1. 29 It appears therefore 
that local production of cytokine antagonists is 
reflected in a definite increase in these molecules in 
the circulation, whereas cytokines exert their effects 
locally and their concentration in the general circu- 
lation increases only in systemic *" flfl n »n«Mi iT n Pos- 
itive relations between plasma concentration of en- 
zymes released by injured myocardium and anticy- 
tokine molecules in patients with AMI indicate that 
release of cytokine antagonists is prop ortional to in- 
farct size. 

Thrombolytic therapy and reinstitution of flow to 
the ischemic zone is an effective means of controlling 
ischemic tissue injury. However, because inflamma- 
tion caused by ischemia and reperfusion is an im- 
portant component of myocardial infarction, the 
treatment of patients with AMI also should include 
reduction of inflammation. Deleterioufl effects of 
high-dose corticosteroids in patients with AMI sug- 
gest that this antiinflammatory treatment should 
not interfere with the healing process. 30 We propose 
that a-MSH, which has potent anticytokine proper- 
ties associated with a broad antiinflammatory spec- 
trum, would be useful in this condition. ' ■ 
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Clinical and angiographic correlates of normal creatine 
kinase with increased MB isoenzymes in possible acute 
myocardial infarction 



Mark E. Dorogy, MD, G Stuart Hooks, MD, Robert W. Cameron, MD, and Richard C. Davis, MD, PhD 
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with po ssib le acute niyo- 
a 2-year period to 



ana nrnoepna uiuyjpusis m pausrns w uii nwniwi «hb uu 
anno sunne iwkj wuvuy eno BKremQ no noenzyme so* 
tlvity (CK-MB). TWn>htae eeaee were Montfflsd (study 
group) and compared wtth caeee of Q wave (it* 77) and 
no o Q wav e (w» 60) bi f actions. Compared with the Q w ew 
group, study group patlante wn older (67.5 + 9.0 ve 
60l8 ± IIS yean; p< O01) and mote often had previous dl- 

Prom the Cardiology Service, Department of Medicine, Fitxsimona Army 
Medical Center. 

Tne opinions and assertions contained herein are the private views of the 
a ut h o rs and ere not to be construed as official or refl ecti n g the vtewe of the 
United States Department cf the Army or the P epmtment of Defense. 
Received for pnWtcation Sept 22, 1994; accepted Jan. 20, 1996. 
Reprints not available from author. 
Copyright 1995 by Mosby-Year Book, Inc. 
0902-6703/95*3.00 + 0 4/UM845 



agnoses of coronary disease (S2S% T vs 1 8^%; p < 0l01) and , 
pwipneml vascular dUease(2a9% vs 1X4%; p=0.02). An- 
gSna (92^% ve tSJBM; p< 0JM) and ST elevation (81.8% ve 
132%; p <0.01) were more common In the CM^^ 
* Nearly, kfantlc at cttnlcel profiles end electrocardiographic 
findings ware obeervedtn the study ar^ 
Angiographic analysis revealed e higher frequency of mul- 
ttveseel dlaeaae In the etudy group (6M%) than In the 
Q-wave group (4a6%, p<0Xn) but no difference bet w e en 
the study group and the norf-<r-wave group (79.6%; p not 
statistically significant). Left ventricular function and In- 
hospital compOcatioits wore elmllar among groupe* It la 
concluded that patients wRh normsl total CK activity and In- 



ttenta wim non-O^vave Irrfte^ 

multlvessel coronary disease. (Am Heart J 1995;130:211-7.) 



Serial measurement of concentrations of creatine ki- 
nase (CK) and its MB isoenzyme (CK-MB) remains 
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ROLE OF TUMOR NECROSIS FACTOR IN THE PATHOGENESIS OF 
INTRAVASCULAR COAGULOPATHY OF SEPSIS: POTENTIAL NEW 
THERAPEUTIC IMPLICATIONS 

DAN ADERKA 

Department of Medicine T, Sourasky Medical Center (Ichilov Hospital) and Sackler Faculty of Medicine, Tel Aviv 
University, Tel Aviv, Israel 



ABSTRACT. Tumor necrosis factor (TNF) induced by bacterial lipopolysaccharide (LPS) 
was shown to have an important role in precipitation of septic shock and disseminated 
intravascular clotting (DIC). At the endothelial level TNF down-regulates thrombomodulin 
(thus preventing protein C formation) and inhibits the production of tissue plasminogen 
activator (t-PA), thus impairing anticoagulant mechanisms. On the other hand, TNF 
lip-regulates the production of procoagulant factors such as t-PA inhibitor (PAI), tissue factor 
and platelet activating factor (PAF). These effects create an imbalance between procoagulant 
and anticoagulant mechanisms, in favor of the former. TNF also activates polymorphonuclears 
(PMNs), and increases their chemotaxis and adherence to endothelial surfaces by up-regulation 
of specific endothelial (ELAM-1) and PMN (CDwl8) adherence proteins. The damage 
inflicted by activated PMN to the endothelial cell promotes tissue factor exposure and PAI 
release, with initiation of the characteristic explosive coagulation process of DIC, facilitated by 
the dissociation between pro- and anticoagulant mechanisms induced by TNF. These newly 
discovered mechanisms precipitating septic shock and DIC enable consideration of new 
treatments for this condition as ami TNF antibodies or TNF inhibitors, anu -ELAM-1 
antibodies anti-tissue factor antibodies, administration of activated factor C, etc. These 
therapeutic approaches may revolutionize the treatment of septic shock and DIC in the next 
decade. IsrJMedSci 1991;27:52-60 

Keywords: tumor necrosis factor; diffuse intravascular coagulation; septicemia 



Hemorrhagic necrosis is a striking phenomenon that 
was first observed by Coley (1) almost a century ago 
in sarcoma patients with a concurrent infection. Fifty 
years after this pioneering observation, the factor 
responsible for initiating this coagulopathy was found 
to be endotoxin, the bacterial lipopolysaccharide 
(LPS) (2). However, it was npt until O'Malley et al. 
(3) in 1962 and Carswell et al. (4) in 1975 observed 
that serum from LPS-injected animals, with (4) or 
without (3) priming with Bacillus Galmette Guerin, 
elicited hemorrhagic necrosis of transplantable tumors 
in vivo. The serum factor responsible for this 
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phenomenon was given the name of tumor necrosis 
factor (TNF) (4). 

Recent purification of TNF and determination of 
its sequence (5,6) as well as its subsequent availability 
as a pure recombinant material enabled scientists to 
establish, among the multiple biologic effects of TNF 
(reviewed in 7), its central role in sepsis and in 
precipitation of disseminated intravascular coagula- 
tion (DIC) and shock. The mortality associated with 
this type of fulminant sepsis remains above 50% (8,9) 
despite considerable improvement in antibiotic and 
supportive therapy. The poor outcome of these pa- 
tients and the failure of corticosteroids to reduce this 
ratft (10.11) railed far a totter nivterefan/lina nf th* 

pathogenesis of sepsis and for therapeutic agents that 
might reduce the high mortality rate associated with 
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this condition. The findings presented at the Second 
International Meeting on TNF and Related Cytokines 
in January 1989, and data published shortly thereafter, 
gave a better insight into the myriad, confusing and 
complex effects of TNF and have facilitated the 
identification and dissection of the mechanisms by 
which TNF mediates septic shock and DIC. As a 
result, new potential therapies are being considered. 

In this review, I will summarize a) the evidence 
ascribing TNF a pivotal role in septic shock and DIC, 
b) the complex, highly coordinated events mediated 
by TNF, which lead to the development of a 
hypercoagulable state in sepsis resulting occasionally 
in DIC, and c) potential therapeutic interventions 
which may abort or reverse the highly lethal process 
of septic shock. 



Normal Coagulation Pathways and their Regulation 
Three closely linked biological components are 
involved in normal hemostasia the endothelial cells of 
the blood vessels, platelets and coagulation proteins 
(Fig. 1). 

The predominant pathway of coagulation in DIC 
(reviewed in 12) is the "extrinsic" one. This pathway 
is activated upon exposure of circulating factor VII to 
tissue factor. The tissue factor, present in endothelial 
cells (and monocytes) in a cryptic form, can be 
exposed upon cell damage or may be synthesized and 
expressed on the cell surface following activation of 
these cells with monokines such as TNF and 
interleukin-1 (IL-1) (13,14). Tissue factor expression 
is a vital event signaling the activation of the extrinsic 
clotting mechanism. It combines with factor VII and 
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Fig. 1. Coagulation cascade induced by the extrinsic pathway activation and its inhibitors 
(relevant to this review). Release of tissue factor forms a complex with factor VTL This 
complex, after its activation, further activates factor X which aids a) thrombin formation and, b) 
together with the extrinsic pathway inhibitor (EPI), prevents farther activation of factor 
Vila/tissue factor complex. Thrombin, via thrombomodulin, induces protein C which inhibits 
activated factors VIII and V and, consequently, further thrombin formation. Protein c aiso 
inactivates tissue plasminogen activator inhibitor (PAI), thus enabling tissue plasminogen 
activator (t-PA) to convert plasminogen to plasmin, which will inhibit fibrin formation and will 
promote clot dissolution. (Broken arrows - inhibition; unbroken arrows = activation) 
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is converted into an active factor Vll/tissue factor by 
minute amounts of pre-existing active factor X. A 
factor Vila/tissue facta complex, thought to be the 
first enzyme/cofactor complex formed on the cell 
surface during blood coagulation in vivo, further 
activates factors X and IX. Factor Xa has two main 
functions: a) it serves as a positive feedback 
mechanism that further amplifies factor Vll/tissue 
factor activation (15,16) (Fig. 1). and b) together with 
factor Va, phospholipids and Ca^ ions, it forms the 
prothrombin-converting principle responsible for 
thrombin generation. Thrombin converts fibrinogen to 
a clottable derivative, the fibrin monomer, which upon 
rapid polymerization forms a clot, stabilized by factor 
Xllla. 

These coagulation pathways are strictly controlled 
by highly efficient inhibitory mechanisms (Fig. 1). At 
the level of factor Vll/tissue factor complex activation, 
a protease given the provisional name of extrinsic 
pathway inhibitor (EPI) combines with factor Xa, 
neutralizing its activity. This prevents factor Xa from 
further amplifying activation of the factor Vll/ussue 
factor complex. Furthermore, the EPVfactor Xa 
complex combines with preactivated factor Vila/tissue 
factor complex and inhibits it This prevents promo- 
tion of coagulation via the extrinsic pathway (re- 
viewed in ref. 16). A main counterbalancing mecha- 
nism to the procoagulant activity of thrombin (which 
forms fibrin from fibrinogen and thus promotes clot 
formation) is plasmin which degrades fibrin (by fibri- 
nolysis) and inactivates is precursor fibrinogen. The 
formation of plasmin from plasminogen is facilitated 
by tissue plasminogen activator (t-PA) and urokinase. 
Endothelial cells secrete inhibitors for both urokinase 
and t-PA (see Fig. 1). 

Another coagulation surveillance mechanism is in- 
duced by thrombin as a negative feedback loop (Fig. 
1): thrombin complexes with thrombomodulin, a com- 
ponent of the luminal surface of the endothelial cell. 
This event activates protein C, which in tarn 
inactivates the function of coagulation factors of the 
intrinsic (factor Villa) and the common coagulation 
pathways (factor Va). This prevents additional 
thrombin and clot formation. In addition, activated 
protein C degrades the t-PA inhibitor (PAI) (17), 
promoting plasmin formation and consequently 
activating fibrinolysis. Thus, protein C is a powerful 
anticoagulant, neutralizing active clotting factors 
while simultaneously intensifying clot degradation by 
augmentation of fibrinolysis (Fig. 1). 

Role of TNF in Septic Shock 

A considerable tody of evidence has implicated TNF 

as cme of the mediators of gram-negative (endotoxin) 
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induced shock. Infusion of recombinant TNF into rats 
resulted in hypotension and metabolic acidosis, 
culminating in the death of the animal. At necropsy, 
ischemic and hemorrhagic lesions of the adrenals, 
pancreas, lungs and the gastrointestinal tract were 
observed, similar to those caused by endotoxin 
administration (18). All these changes were prevented 
if the animals were pretreated with polyclonal (19) or 
monoclonal (20) neutralizing antibodies to TNF, 
suggesting a role for TNF in the generation of these 
pathophysiological effects. Furthermore, mice treated 
with anti-TNF antibodies did not succumb to lethal 
endotoxin doses (19). The administration of 
neutralizing anti-TNF monoclonal antibodies to 
baboons prior but not after infusion of a lethal amount 
of Esherichia coli could also prevent shock and death 
(18). Interestingly, although the antibody-treated 
baboons were administered antibiotics only 12 h after 
the initiation of the experimental bacteremia, they 
exhibited no signs of toxicity compared with controls. 
This observation implies that the presence of bacteria 
in the bloodstream is not sufficient to cause toxicity 
related to sepsis and that host immune responses, such 
as TNF production, are required as well. 

Evidence for a role of TNF in human septic shock 
was provided by studies of Waage et al. (21) and 
Girardin et al. (22). They showed a direct correlation 
between serum levels of TNF and the severity of 
meningococcemia. Thus, without exception, patients 
with a fatal outcome had serum levels of TNF above 
130 pg/ml (23). Finally, it was shown in dogs that 
endotoxin as TNF alone can simulate the 
cardiovascular hemodynamic abnormalities of septic 
shock (24), although the mechanisms for this 
phenomenon remain to be elucidated. 

Role of TNF in the Septic Coagulopathy 

Recent studies suggest that TNF precipitates necrosis 
by disrupting the fine balance of the coagulation 
systenrj, specifically, by dissociating the clotting 
mechanisms from their inhibitory surveillance. It has 
been documented that TNF activates the clotting 
mechanisms by up-regulating tissue factor formation 
(13,14). This can initiate the cascade of the extrinsic 
coagulation pathway (Fig. 1). In addition, human 
endothelial cells produce large amounts of 
platelet-activating factor (PAF) following their 
stimulation with TNF (25). Besides its role in 
activating platelets to aggregate and degranulate, PAF 
directly stimulates polymorphonuclears (PMNs) for 

fhamft taric HafTroTi iil ari Aft and ciinpfAxi/lA rariirfll 

jproduction (reviewed in ref. 12) (Fig. 2). This 
facilitates endothelial damage by elastase (reviewed in 
ref. 26) predisposing to clot formation. PAF is thought 
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Fig. 2. Role of tumor necrosis factor in hemorrhagic necrosis, ^polysaccharide activates 
monocytes to release TNF. At the endothelial cell level, TNF down-regulates the thrombomodulin 
and the production of t-PA while up-regulating the production of PAX, tissue factor, platelet 
activating factor (PAF), endothelial neutrophil activating factor (NCF) and endothelial leukocyte 
adherence molecule 1 (ELAM-1). TNF also activates the polymorphonuclears (PMNs), and increases 
their chemotaxis through IL-S and NCF and their surface adherence molecule -CDwl8. The 
activated PMNs adhere to the endothelial cell and damage it, promoting tissue factor exposure and, 
thus, initiating coagulation through the extrinsic pathway. The concomitantly liberated PAI and the 
reduced protein C concentrations axe responsible for the ineffectiveness of the anticoagulant 
mechanism. The imbalance between the low plasmin and high thrombin favors clot formation and 
necrosis. (Abbreviations as in Fig. 1.) 



to have some role in experimental gram-negative 
sepsis as its infusion to animals elicited hypotension, 
decreased cardiac output and hypovolemic shock 
(27,28). All these effects were reversed by PAF 
receptor antagonists (28). 

Simultaneous to the up-regulation of procoagulant 
activities, TNF down-regulates the anticoagulant 
mechanisms. Indeed, TNF was shown to inhibit 
thrombomodulin expression on the cell surface (13,14) 
by promoting thrombomodulin internalization and 
degradation (29). As a result, protein C activation, 
dependent on thrombomodulin, is severely impaired, 
and the coagulation mechanisms are devoid of a key 



anticoagulant. In the absence of protein C, activated 
clotting factors (Va and Villa) are not neutralized and 
the fibrinolytic mechanisms are adversely affected; as 
a result of protein C absence, PAI is not neutralized 
(Fig. 1). Furthermore, TNF directly up-regulates the 
PAI formation which, at this stage, remains intracellu- 
lar (3031), while concomitantly dawn-regulating 
t-PA generation. These events, which minimize 
plasmin formation, abolish the anticoagulant activity 
of the fibrinolytic mechanism, especially upon the 
subsequent release of FAi rrom the damaged enuuuic- 
lium. This leaves the scene open to an unopposed and 
uncontrolled procoagulant activity. 
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Role of Complement and Neutrophils in DIC 

Even under the most favorable conditions for coagula- 
tion as described above, necrosis may not occur with- 
out the participation of PMNs and the complement 
fraction CSa. Indeed, elegant studies of Rothstein et al. 
(3233) showed that hemorrhagic necrosis can develop 
only in an area intensely infiltrated with PMNs and 
that mice deficient in their ability to secrete the fifth 
component of the complement (C5) cannot develop 
hemorrhagic necrosis, despite adequate pretreatment 
with LPS and TNF, which induced local PMN accu- 
mulation. 

Experiments in mice pretreated sequentially with 
LPS and 24 h later with TNF demonstrated the strictly 
necessary role of CS in the initiation of the necrotic 
process (33): a) The ability of C5-deficient mice to 
express hemorrhagic skin necrosis in the above 
experiments was restored if they were administered 
plasma from C5-sufficient mice, b) Heat inactivation 
of the plasma of CS-sufficient mice abrogated the 
capacity of plasma to promote skin necrosis in 
CS-sufficient mice, c) Normal mice plasma depletion 
of CSb by zymosan (which does not affect CSa 
activity) did not impair the capacity of this plasma to 
supplement the CSa-deficient mice. However, the 
precise mechanism through which CSa facilitates 
necrosis remains an enigma. 

As mentioned above, the neutrophils are a crucial 
component facilitating necrosis and, in their absence, 
DIC is aborted. Indeed, Thomas and Good (34) 
demonstrated almost 40 years ago that endotoxin 
cannot initiate DIC in animals rendered neutropenic 
by chemotherapy. However, such animals given 
leukocyte transfusion before LPS administration re- 
gained the capacity to manifest DIC (35). To partici- 
pate in DIC, PMNs must first adhere to the endothe- 
lium. Endothelial leukocyte adhesion molecule- 1 
(ELAM-1), a recently identified and cloned cell sur- 
face glycoprotein receptor expressed by the endothe- 
lium (36), mediates the attachment of PMNs to the 
blood vessel lining; antibodies to this receptor domain 
were shown to effectively block PMN adherence. 
Following this adherence to the endothelial surface, 
activated PMNs produce and release oxygen radicals 
in the microenvironment adjacent to the neutrophil. 
These radicals oxidize and thus inactivate the potent 
leukocyte elastase inhibitors oti-proteinase inhibitor 
and ot2-macroglobulin. these events create a seques- 
tered physiologic milieu that enables elastase, the most 
powerful protease released by activated PMNs to 

within the inflammatory focus (reviewed in 26). In 
addition, the oxygen radicals directly activate 
collagenase and gelatinase, two additional proteases 
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released by PMNs. These proteases further assist elas- 
tase in its endothelial destructive activity (reviewed in 
26). 

This is the critical stage upon which the damaged 
endothelium expressing tissue factor (induced by 
TNF) initiates clotting via the extrinsic pathway and 
releases tissue PAI (also induced by TNF). PAI fur- 
ther intensifies this coagulation process by inhibiting 
fibrinolysis (see above and Fig. 2). 

Recent evidence implies that recruitment, endothe- 
lial adherence and activation of PMNs are closely su- 
pervised and coordinated by TNF (Fig. 2): a) TNF 
(and IL-1) induces fibroblasts to release a newly puri- 
fied cytokine also called neutrophil-activating factor 
(proposed name is IL-8), which promotes PMN 
chemotaxis and recruitment (37,38). b) TNF itself is 
chemotactic for PMNs (39) and also induces 
formation of a neutrophil chemotactic factor by 
endothelial cells (40). c) TNF supports the endothelial 
adherence of PMNs by induction of PAF (25) and by 
rapid up-regulation of endothelial surface proteins 
(such as ELAM-1) as well as neutrophils' surface pro- 
teins (such as CDwl8), facilitating PMN adherence to 
endothelial cells (36,41-43), and d) before and after 
their endothelial adherence, PMNs are activated by 
TNF (44), PAF and CSa to produce oxygen radicals 
(reviewed in 12). 

Thus TNF not only enhances the endothelial pro- 
coagulant potential but also promotes the adherence 
and activation of PMNs required for endothelial dam- 
age. 

Overview of the Mechanism of TNF-induced 
Hemorrhagic Necrosis 

Bacterial LPS activates a) monocytes to release TNF, 
and b) the complex cascade of complement On one 
hand, TNF will induce endothelial cells to produce 
procoagulant factors (Fig. 2) such as tissue factor and 
PAF, while on the other hand it will down-regulate an- 
ticoagulant mechanisms by inhibiting thrombomodu- 
lin, thus preventing activation of protein C. Further- 
mare, TNF will inhibit fibrinolysis directly through 
down-regulation of t-PA and indirectly, by promoting 
de novo synthesis of tissue PAI (30,31). 

Concomitantly, TNF will prepare the receptiveness 
of endothelium for neutrophils by inducing the 
expression of the neutrophil adhesion proteins 
ELAM-1 on the endothelial surface (36) and the 
CDwl8 on the PMN membrane (43). These proteins 
can act as cell-associated signals for PMN adhesion 

v 

Simultaneous to the above-described influences of 
TNF on the endothelial cells, it will induce neutrophil 
activating factor (whose proposed name is IL-8) 
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(3738), which will promote PMN chemotaxis and 
attraction to the endothelium already primed for PMN 
adhesion by INF* This is the critical stage in the 
initiation of coagulation. Thus, the highly coordinated 
interplay between humoral components (C5a, coaguia- 
tion/anticoagulation factors, chemotactic factors) and 
cellular components (monocytes, endothelium, neu- 
trophils) culminates in neutrophil-mediated endothe- 
lial damage with plasma membrane exposure of tissue 
factor, responsible for the explosive coagulation 
process of DIC — all this under the strict regulation of 
TNF. Complicated as it is, the above mechanism is 
probably an oversimplification of the actual process as 
it occurs in vivo. It should be realized that TNF is a 
necessary, yet not a sufficient trigger of septic shock 
and DIC. In order to precipitate these conditions, TNF 
probably synergizes with other substances, such as 
LPS, IL-1, leukotrienes, prostaglandins, endorphins 
— just to name a few (for review see ref. 12). In the 
absence of these facilitating factors, TNF is relatively 
innocuous. One should not depict, therefore, the mode 
of action of TNF as an avalanche initiated by the mere 
exposure to TNF, and ending up in an unavoidable 
physiopathologic catastrophe. Instead, one should re- 
alize that TNF is supported by additional permissive 
or synergizing factors facilitating the precipitation of 
septic shock. More remains to be learned about these 
interactions to fully understand the pathogenesis of 
septic shock. 

Can Septic Shock and DIC be Reversed or 
Prevented? 

Will our better understanding of the pathologic 
processes triggered by TNF in septicemia (Fig. 2) lead 
to an improved therapeutic arsenal for septic shock 
and DIC, and a better outcome for these patients? To 
answer this question, the chain of events culminating 
in septic shock was simplified (Fig. 3) in order to 
show sites for potential new therapeutic interventions. 

The first site for a possible pharmacologic inter- 
vention is elimination of LPS from the circulation 
(Fig. 3). Although the antibiotic polymyxin B was 
shown to bind avidly to LPS in aqueous solution, it 
binds LPS poorly in the presence of other proteins 
(45,46). Indeed, polymyxin B had no effect on levels 
of either bound or free plasma endotoxin (47). Despite 
this, administration of subtherapeutic doses of 
polymyxin B in experimental septicemia could 
moderate the course of the disease and improve 
survival (47,48). It is possible that the effects of 
pclymy^ir! H v/ers mot iiie result r_pc ijminQtirm 
but were due to a reduction in PAI production (49) or 
to prevention of complement activation (50) as 
previously reported. Thus, although LPS elimination 



might be a desirable goal, since it potentiates TNF 
toxicity (32), no effective means arc yet available, 
although the value of anti-LPS antibodies is now 
under study. 

With regard to the second intervention site, 
inhibition of TNF production and release can be 
achieved by its potent transcription and translation 
inhibitors — the corticosteroids (reviewed in 7). 
These agents could, theoretically, prevent septic 
shock. Indeed, previous studies have shown beneficial 
effects of steroids in animal models of septicemia, 
provided their administration was not delayed beyond 
30 min after establishment of experimental sepsis 
(51). At this early stage, INF production could be 
inhibited in vivo as demonstrated in the recent studies 
by Remick et d. (52). However, a slight delay of only 
20 min in the steroid administration will not reduce 
late TNF yields. This study provides an explanation 
why glucocorticoids are clinically inefficient in the 
treatment of septic shock, as shown also by previous 
carefully conducted clinical studies (10,11). Indeed, 
by the time patients develop clinical signs and 
symptoms of septic shock, they already have high 



Fig. 3. Potential sites for medical intervention aimed 
to reverse or arrest the progression of septic shock 
and DIC (see also text). (Abbreviations as in Fig. 1.) 
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levels of circulating TNF (21,22). Furthermore, in a 
cell line, TNF was shown to reduce cytosolic steroid 
receptors (53). If this is a general phenomenon, then 
TNF may induce steroid resistance in septicemia, 
further reducing the ability of adrenocortical 
hormones to control TNF production. 

A third potential site for a therapeutic intervention 
is at the level of circulating TNF (Fig. 3), specifical- 
ly, neutralizing TNF with monoclonal antibodies. 
How-ever, it is both surprising and disturbing that 
anti-TNF antibodies proved effective in animal mod- 
els only if administered before the injection of LPS or 
prior to the experimental establishment of bacteremia 
(18). The definitive value of such treatment will have 
to be determined by the administration of these neu- 
tralizing antibodies to septic shock patients and by 
evaluating their clinical response. 

Neutralization of circulating TNF by a specific 
TNF inhibitor is another potential therapeutic inter- 
vention. Recently, such a natural TNF inhibitor was 
independendy discovered by us in the urine of healthy 
persons (54), and by two other groups of investigators 
in the urine of febrile (55,56) and uremic patients 
(57). 

The TNF inhibitor was purified to homogeneity. 
This enabled the determination of pari of its biologic 
activities. This inhibitor binds TNF (57) and, remarka- 
bly, can even displace TNF from its specific receptors 
after binding (56). Hie inhibitor can prevent the cyto- 
toxin activity of TNF (54), its ability to induce prosta- 
glandin and collagenase in dermal fibroblasts and syn- 
ovial cells (56), as well as the ability, of TNF to induce 
cell-associated IL-1 (56) which can facilitate tissue 
destruction at the local level, thus precipitating clot- 
ting. Since this TNF inhibitor (given the provisional 
name of TNF binding protein — TBP) is expected to 
antagonize TNF actions at the level of the endothelial 
cells and neutrophils, it may abort TNF-mediated 
events precipitating DIC. 

Is TBP a functional TNF inhibitor in vivo! A re- 
cent clinical observation in a renal failure patient with 
surprisingly minor symptoms, despite enormous blood 
concentrations of TNF, could be explained by the 
presence of putative TNF carrier proteins that might 
inactivate it (58,59). Since TBP was found to be the 
main TNF binding protein in the serum of renal fail- 
ure patients (57), it is reasonable to assume that TBP 
could be the protective factor in the above case. How- 
ever, the expectation that TBP will reverse septic 
shock should be guided by cautious optimism since 
TBP neutralizes T^IF z cite *** tmc A n«ikA/t 
ies (see Fig. 3) that were shown not to be effective in 
reversing experimental septic shock if administered 
after its precipitation (18). As with anti-TNF Ab, re- 



sults of clinical studies with TBP in septic shock are 
eagerly expected. 

Since circulating substances such as TNF are re- 
sponsible for septic shock, the effect of plasma ex- 
change vs. leukopheresis was examined in piglets 
(60). These studies showed that septicemia induced by 
sublethal doses of E. coli is followed by a rapid and 
persistent increase in TNF activity, and that plasma 
exchange, but not leukopheresis, lowered TNF levels, 
with improvement in the cardiac performance. When 
lethal doses of E. coli were administered and plasma- 
pheresis was started 2 h later compared with plasma 
infusion only, plasma exchange significantly lowered 
serum TNF but had no effect on survival (61). Thus, 
the septic process advanced beyond the stage where 
simple TNF elimination was sufficient to arrest the 
course of the events. This important observation im- 
plies that attempts to inhibit a later, "downstream" 
event should also be evaluated. 

Such an event is the adherence of PMNs to the en- 
dothelium, an event whose prevention by administra- 
tion of antibodies to ELAM-1 may minimize the endo- 
thelial damage and abort the precipitation of the DIC. 
Further "downstream" is the tissue factor exposure on 
damaged endothelial cells (Fig. 3). Preliminary studies 
are encouraging since DIC could be prevented by ad- 
ministration of anti-tissue factor antibodies (62). 

Can DIC be aborted by inhibition of the "extrinsic" 
pathway with its natural inhibitor (EPI) (Fig. 1)? Re- 
cent studies provided conflicting results regarding the 
EPI levels in sepsis (reviewed in 16). In addition, a 
lag in EPI/factor Xa-induced inhibition of factor Vila/ 
tissue factor in vivo (15,16) could explain why DIC 
would continue despite a normal plasma level of EPI 
in some septic patients. 

Theoretically, EPI may emerge as a powerful tool 
in the treatment of DIC, provided that future studies 
will improve our ability to manipulate the EPI/factor 
Xa inhibitory kinetics for factor Vila/tissue factor 
complex. Assuming that the tissue factor release could 
not be prevented, could replacement therapy with ac- 
tivated protein C restore the balance within the coagu- 
lation system and abort DIC? 

Recent studies by Taylor et al. (68) have demon- 
strated that activated factor C can prevent DIC, tissue 
injury and death induced by an LDioo infusion of live 
E. coli in baboons. Future extension of these studies to 
human beings is expected to determine the effective- 
ness of this treatment in clinical practice. 

CONCLUSION 

Septic shock and DIC emerge as an over-response of 
the immune protective mechanisms to a bacterial 
insult. Moderation of this response by a spectrum of 
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new potential interventions used alone or in 
combinations may revolutionalize the therapeutic 
approach to septic shock and DIC in the next decade 
and hopefully will reduce the high mortality rate 
associated with this condition. 

I thank Drs. A Chachoua, D. Cohen, D. Wailach, U. 
Seligsohn and J. Vilcek for their helpful suggestions and 
encouragement, and Ms. I Toder for her help in preparing 
this manuscript 
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ADDENDUM 

Recent studies from our laboratory, confirmed by 
others, demonstrated that the TNF inhibitor (TBT) is 
actually the soluble TOF receptor (EMBO Journal 
1990;9:3269-3273). Administration of this soluble 
TNF receptor to mice given lethal bacterial doses 
protected them from septic shock. DIC and death 
(Thompson et al., personal communication). 
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PLASMA-FIBRINOGEN AND 
THROMBOEMBOU AFTER MYOCARDIAL 
INFARCTION 



Robert M. Fulton 



Kenneth Duckett 



; Stepping HillHospital^Stockport, Cheshire 

Summary In 120 patients with myocardial infarc- 
tion subsequent non-fatal thromboem- 
boli occurred only in patients in whom plasma- 
fibrinogen had exceeded 750 mg/dl. It is suggested that 
patients at risk from thromboembolism after infarction 
can be identified by monitoring plasma-fibrinogen and 
that appropriate anticoagulation might reduce morbi- 
dity. 

Introduction 

Rapid synthesis of fibrinogen by the liver is a non-spe- 
cific response to myocardial infarction (am.), 1 surgery, 2 
burns, fractures, and other injuries. 3 In all these condi- 
iiuiis plusma-ubrinogcn rises 10 a maximum between the 
4th and 6th day after the event and returns to normal 
by the 10th to 14th day. Serious disorders may occur 
when the duration or degree of disturbance exceeds a 
biological limit. The result can be regarded as a break- 
down f a defence mechanism, the original effects of 
which seem beneficial/ 

We f llowed plasma-fibrinogen levels for a fortnight 



after m.i. and correlated the findings with non-fatal 

thromboembolic episodes. 

Patients and Meth ds 

120 patients with m.i. admitted consecutively to the coron- 
ary-care unit were studied. The diagnosis of m.i. required a 
typical history, serum-enzymes raised to twice the upper limit 
of normal, and acceptable electrocardiographic (e.c.g.) 
changes. 

Patients were excluded if they were over 75 years of age or 
had established diabetes or renal or hepatic failure. We also 
excluded patients who had had surgical operations during the 
previous 2 months and those who died within 24 hours of 
admission. 

Serum creatine kinase (c.p.k., normal up to 100 u/1), aspar- 
tate aminotransferase (o.o.t., normal up to 42 u/1), and lactate 
dehydrogenase (l.d.h., normal up to 525 u/1) were measured 
on the three mornings after admission. 10 patients had fewer 
than three measurements. 

Plasma-fibrinogen was measured daily, whenever possible, 
for the first 6 days and thereafter every 2 or 3 days until dis- 
charge, by means of the Thorp-Stone nephclotneter. Our nor- 
mal range was similar to Cotton's— i.e., 250-350 mg/dl. 5 The 
highest (peak) measurement of enzymes and fibrinogen was 
the reference point to which we related subsequent events. 

12-lead k.c.u.s were recorded on admission and recordings 
were repeated, with additional leads, when necessary. Other 
tests on admission included a chest X-ray, full blood-count, 
plasma urea and electrolytes, and serum lipids, and uric acid. 
These were repeated and other investigations carried out 
when clinically indicated. All patients were seen by one of us 
regularly, but were clinically managed by the admitting physi- 
cian. Whenever possible patients were out of bed by the 5th 
day and discharged by the 14th day. Anticoagulants were not 
routinely prescribed. 2 patients received anticoagulants 
because of their history, and those who sustained thromboem- 
boli had anticoagulants after the event in the absence of 
contraindications. 

Events 

Deaf A within 14 days of infarction. . \v ' v 
; ~ Non-fatal cardiac arr«ri;— Patients with ventricular fibril- 
lation or asystole who were successfully resuscitated. 
Non-fatal thromboembolic episodes.^rOur criteria for 
1 thromboemboli were strict and all were clinically obvious and 
potentially disabling. They comprise: (a) pulmonary infarction 
I requiring two of the following three condition^ typical history 
i of sudden pleuritic pain, witn pleural rub or haemoptysis, 
X-ray changes compatible with infarction,; and a rise in l.d.h. 
or serum-bilirubin; (b) cerebrovascular ; accident (c.v.a ), 
which was only diagnosed when there was a major deficit such 
as hemiplegia or aphasia; (c) peripheral arterial occlusion with 
a loss of peripheral pulse with pain, paresthesia, and paralysis. 

Results 

Of the 120 patients 97 were men and 23 were women 
and the average age was 56*7 years. 

Events 

10 patients had a major non-fatal thromboembolism. 

TABLE I — NUMBER AND TYPE OF THROMBOEMBOLIC EPISODES 
AND TIME OF OCCURRENCE AFTER M.I. 



Type of episode 


No. of 
patients 


No. of days 
after m.i. 


Mean 
age(yr) 


CV.A. 


5 


4.4,6,6,13 


576 


Pulmonary infarct 


4 


3,3,3, 10 


56 5 


Peripheral embolus 


I 


12 


57 
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TABLE II— MEAN PEAK ENZYME CONCENTRATIONS IN PATIENTS IN WHOM THERE WERE R WERE NOT EVENTS AND STATISTICAL 
SIGNIFICANCE OP THE DIFFERENCE BETWEEN EACH SUBGROUP AND THOSE IN WH M EVENTS DID NOT £ci" 







Mean peak enzyme concentrations 




No. of 


C.P.K. 


G.O.T. 


L.D.H. 


Type of event 


patients 


Meanis.t. 


p 


Mcan*$.E. 


V 


Mean?*.*. 


P 


Deaths 

Non-fatal cardiac arrests 
Non-fatal thromboemboli 
No events 


10 
6 
10 
94 


1758*178 
2030? 290 
1 832 * 176 
1205*63 


<002 
<005 
<001 


484; 94 
401*75 
378 y 34 
237.rU 


<005 
<01 
<0 01 


3801*530 
2706*341 
2903 * 168 

1841 r 71 


<001 

N.S. 

<0001 



Table i gives details of the type and timing of the epi- 
sodes. There were 10 deaths and 6 non-fatal cardiac 
arrests. 

Enzyme Concentrations and Events 

Table n shows the peak enzyme concentrations in 
patients in whom events did or did not occur. Although 
all three enzyme concentrations were significantly in- 
creased in patients experiencing events, we confined 
further discussion to c.p.k. concentrations because both 

TABLE III — DISTRIBUTION OP EVENTS IN GROUPS OF PATIENTS 
WITH INCREASING PEAK C.P.K. CONCENTRATIONS 





Range of peak c.p.k. values (u/1): 


up to 999 


1000-1599 


1600+ 


No. of patients 


39 


39 


42 " t" 


No. of deaths 


1 


3 


6 


No. of arrests 


0 


2 


4 


No. of thromboemboli 


1 


3 


6 


Total events 


2 


8 


16 



g.o.t. and l.d.h. can be affected by secondary changes 
arising in liver and lungs. Table m shows the number 
of events in three groups with increasingly high peak 
c.p.k. levels. 

Plasma-fibrinogen and Events '■ f'tf^ 

In all but one patient (mentioned later) plasma- 
fibrinogen rose after m.i. In those, who survived, plasma- 
fibrinogen reached a peak around the 5th post-infarction 
day, returning towards normal levels by about the 10th 

"■day. • ' * . 




1 2 3 4 FT ) A k 10 
OoysofterMJ. 

in a typical p*- 



Flfrjl— Dally plaamc^flbfftsofra 



Hg. 1 shows plasma-fibrinogen concentrations in a 
typical patient. Fig. 2 shows the average daily concen- 
trations in patients in whom no events occurred and in 
those with thromboemboli. The curves are flatter than 
in most individuals because of variation in the time at 
which peak values were reached. 

TABLE IV MEAN PEAK PLASMA-FIBRINOGEN IN PATIENTS IN 
WHOM EVENTS DID OK DID NOT OCCUR AND STATISTICAL 
SIGNIFICANCE OF DIFFERENCE BETWEEN EACH SUBGROUP AND 
THOSE IN WHOM EVENTS DID NOT OCCUR 



Type of event 


No. of 
patients 


Mean peak 

fibrinogen+s.t. 
(mg/dl) 


Significance 


Deaths 
Arrests 

Thromboemboli 
No events 


10 
6 
10 
94 


745*75 
703*58 
937*36 
691*17 


N.S. 
N.S. 

P<0 001 



The average peak value for all patients was 717 mg/dl 
and was not significantly different in patients who died 
or had non-fatal cardiac arrests. The average peak value 
for patients with thromboemboli was 937 rn^dl, and 
this value is significantly higher than that in all other 
patients (p<0 0001). 

• J Table v shows the number of events in three groups 
J with increasingly high peak plasma-fibrinogen concen- 
trations Nine out of ten thromboemboli occurred in the 
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TABLE V — DISTRIBUTION F EVENTS IN GR UPS F PATIENTS 
WITH INCREASING PEAK PLASM A-F1BR1NOGEN CONCENTRATIONS 



Range of peak fibrinogen (mg/dl) 





Up to 649 


650-799 


800 * 


No. of patients 


40 


40 


40 


No. of deaths 


2 


4 


4 


No. of cardiac arrests 


2 


3 


1 


No. of thromboemboli 


0 


1 


9 


Total events 


4 


8 


14 



group with the highest concentrations (over 800 
mgm/dl>— the tenth occurred in a patient with a peak 
value of 750 mg/dl. Fibrinogen concentrations did not 
correlate with other events. 



Timing of Events in Relation to Peak Plasma-fibrinogen 

Deaths.— 3 patients died before the 5 th day. 1 of 
these, a woman aged 34, had had an m.i. 18 months 
before. She had cardiogenic shock and evidence of vas- 
cular occlusion of the left leg. Concentrations of plasma- 
fibrin-degradation-products were high (>40 jig/ml) in 
this patient and plasma-fibrinogen was low (324 mg/dl) 
on the one occasion it was measured. There were other 
coagulation abnormalities which suggested that disse- 
minated intravascular coagulation could account for the 
low plasma-fibrinogen concentrations in this patient. 

Non-fatal cardiac arrests all occurred before the 5th 
day. ': 

Thromboemboli. — In 4 patients, thromboemboli 
occurred before plasma-fibrinogen had reached its peak 
value. However, the last plasma-fibrinogen measure- 
ment before the event in these patients was 1020, 925, 
850, and 650 mg/dl. Thus only one thromboembolic 
event occurred when the plasma-fibrinogen concen- 
tration had not already reached 750 mg/dl. In this 
patient, the fibrinogen rose from 650 on the 3rd day to 
■ reach a peak of 970 mg/dl on the 6th day. 

In patients in whom thromboemboli developed early 
plasma-fibrinogen continued to rise until the 5th or 6th 
day, but there was no suggestion of a significant second- 
ary rise after the event. i;. \ j 

Correlation between Peak Enzyme Values and Peak 
Fibrinogen Concentrations £ v 

There was a positive correlation between peak 
enzyme and peak fibrinogen concentrations. The coeffi- 
cients of correlation were 0 44, 0*29, and 0*40 between 
fibrinogen and c.p.k., g.o.t., and L.D.H., respectively. 
All these coefficients are statistically significant 
(p<0-002). 

Discussion 

Thromboemboli have been reported after myocardial 
infarction in up to 30% of patients. 6 7 Early mobilisation 
has undoubtedly reduced the frequency of venous 
thrombosis and none of our patients with pulmonary in- 

toTvuuu uau Cihiiwii cvtuciivc ui uccp*vcni ihrumbusis. 

But early mobilisation cannot be expected to influence 
intracardiac clotting and subsequent formation of 
emboli, and 3 of our patients with c.v.a.s were ambulant 
at the time of the incident. Anticoagulants, once rou- 
tine treatment, have tended t become less popular, but 
there are still patients who may need them. The problem 
is to identify the group at risk. 



Clinically recognisable features which might encour- 
age thrombosis and formation of emboli after m.i. in- 
clude a drop in blood-pressure, arrhythmias, hsmocon- 
centration, and poor cardiac output, but none of these 
factors was more common in our patients with throm- 
boemboli than in the other patients. 1 patient had supra- 
ventricular tachycardia and a short ; episode of atrial 
fibrillation 6 hours after pulmonary infarction. Another 
had transient 2/1 heart block 12 days before a c.v.a. A 
3rd had a brief episode of ventricular tachycardia on the 
day before a pulmonary infarct. 

Serum-enzyme concentrations have been said to ref- 
lect the size of myocardial infarction 8 9 and have been 
suggested as a useful prognostic indicator of survival. 10 
Our findings suggest that thromboemboli are usually 
associated with high serum-enzymes and presumably 
large infarcts (tables u and in). One could regard a high 
serum-enzyme concentration as an indicator of patients 
at risk from thromboemboli, but although there is a 
positive correlation between enzymes and fibrinogen, 
there is considerable individual variation. We consider 
that a high plasma-fibrinogen is a more specific indicator 
of possible thromboembolism (table tv). 

A stepwise regression procedure indicated that in 
order to discriminate satisfactorily between patients 
with thromboemboli and the rest, only fibrinogen was 
required in the discriminant function (p<0*005). Ser- 
um-enzymes did not improve discrimination. Further- 
more, c.p.k* (and g.o.t.) rises and falls much more 
rapidly than fibrinogen and the peak is therefore more 
likely to be missed. 

All 10 thromboemboli occurred in the 51 patients 
with a peak plasma-fibrinogen value of 750 mg/dl or 
more — a frequency of 20%. There were no thromboem- 
boli in the other 59 survivors in whom plasma- 
fibrinogen did not reach 750 mg/dl. 

Plasma-fibrinogen correlates positively with; increased 
plasma viscosity, 1 1 1 2 - which . in itself could ; encourage 
clotting. Together. with the increase in; fibrinogen after 
mj. there is also an increase in thromboplastin gene- 
ration, 13 an increased rate of platelet utilisation, 14 and 
an increase, in thrombin/thromboplastin activity. 13 All 
these changes indicate a general coagulation distur- 
bance. The increase in plasma-fibrinogen may simply be 
an indicator of these diverse changes:* Sevitt 4 considered 
that post-traumatic effects on coagulation could be 
divided into physiological responses which do not 
require intervention and exaggerated responses with 
pathological sequels which do. We suggest that a plas- 
ma-fibrinogen concentration of 750 mg/dl can be 
regarded as the dividing line. Monitoring plasma- 
fibrinogen by nephelometer is simple compared with 
scanning of limbs and lungs by means of labelled 
fibrinogen and in addition it appears to identify patients 
in whom the development of intracardiac clotting and 
thromboemboli is more likely. 

We have, of course, no proof that the c.v.a.s we 

encountered were aii cmbuiii, bui ihc average age auu 

history were no different from these in other patients. 
Alth ugh the incidence of c.v.a. is low (4%), the results 
are often catastrophic and well worth avoiding if pos- 
sible. 

As a result of our study, we have modified our atti- 
tude to anticoagulants. Unless there is a definite con- 
traindication, we now give every patient with myocar- 



1164 



THE LANCET, NOVEMBER 27, 1976 



dial infarct! n subcutaneous heparin (10 000 units twice 
daily) for 6 days, and a loading dose of warfarin on the 
4th posi-infarcti nday. 

Neither heparin nor warfarin affect plasma- 
tibrinogen concentrations. If plasma-fibrinogen starts to 
fall without reaching 750 mg/d\ we stop anticoagula- 
tion. If it reaches 730 mg/dl we maintain anticoagula- 
tion with warfarin for 6 weeks. The decision to stop or 
maintain anticoagulation can nearly always be made by 
the 6th day after infarction and often considerably ear- 
lier in patients in whom plasma-fibrinogen rises steeply. 
We chose to use heparin because it avoids the necessity 
of laboratory control and the subcutaneous route 
because it allows the patient freedom of movement. Our 
results so far have been most encouraging. We suggest 
that monitoring plasma-fibrinogen offers a rational basis 
for the use of anticoagulants after myocardial infarc- 
tion. 
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Summary Six patients with neurogenic orthostatic 
hypotension were treated with a chemi- 
cal preparation of tyramine and tranylcypromine (Tar- 
nate*)* a monoamine nviHaw *nhjb!!cr (u.a n i \ Fe'jr 
had autonomic failure with no other neurological deficit 
(idiopathic orthostatic hypotension), and in two patients 
other neuronal systems were also involved (Shy-Drager 
syndrome). Previous therapy with fludrocortisone, 
ephedrine, elastic garments, postural training, and, in 
one patient, an anti-G suit was unsatisfactory. Tyra- 
mine given orally with tranylcypromine produced a 



moderate rise in blood-pressure which was sustained for 
2-4 hours, enabling patients to walk about without 
symptoms of orthostatic hypotension. Measurement of 
circulating adrenaline and noradrenaline during therapy 
suggested that release of noradrenaline caused the pres- 
sor response. In three patients there has been a pro- 
nounced improvement for 8, 20, and 30 months. In a 
further patient, therapy has been successful in treating 
the orthostatic hypotension, although his mobility has 
been restricted by cerebellar ataxia. In one patient a 
confusional state developed during treatment and thera- 
py was stopped. The only patient in whom the drugs 
did not produce a pressor response had orthostatic hypo- 
tension with failure of noradrenaline release. It is sug- 
gested that the pressor response to a m.a.o.i. and tyra- 
mine should be examined in patients with neurogenic 
orthostatic hypotension and that this treatment should 
be tried in those who respond. 

Introduction 

Disabling neurogenic orthostatic hypotension may 
occur in many diseases, and may also be a result of 
degenerative disease in the nervous system which is not 
related to any well-known primary cause. 1 2 It is due t 
dysfunction in autonomic pathways and was originally 
regarded as a medical curiosity but is now more fre- 
quently recognised either alone (idiopathic orthostatic 
hypotension) or together with degeneration of other 
neuronal systems (multiple system atrophy; Shy-Drager 
syndrome). 3 Many methods of treatment of neurogenic 
orthostatic hypotension have been described including 
the use of vasoconstrictor drugs, blood-volume 
expanders, elastic garments^ and postural training.'- 6 In 
a few patients such therapy meets with success but this 
is often partial or short-lived.* Treatment with tyra- 
mine-containing food given with a monoamine oxidase 
inhibitor (m.a.o.i.), did not give consistent, results, per- 

v haps because the dose of tyramine in food is, variable. 7 -? ^ 
\Ve used a chemical preparation of tyramine in capsules : 
ia combination with an m.a.o.i. ('Parnate' tranylcypro- t 
mine,) to treat six patients with neurogenic orthostatic 

, hypotension. . f . : , . .. t> 

' . . . Patients aud Methods .-; ; 

; Six patients (two female, four/ male, aged 25^72 years) with 
: pronounced orthostatic hypotension were treated. Patients had 
had symptoms of dizziness and syncope for from 3 to 21 years. 
On examination four of the patients had no evidence of other 
neurological disease and two patients had other neurological 
deficits — parkinsonism (case 5), cerebellar ataxia and evidence 
of corticospinal dysfunction (case 6). 

The following investigations were carried out and were nor- 
mal in all patients-^rythrocyte-sedimentation rate; hemoglo- 
bin, differential cell-count; blood urea and electrolytes (Na + , 
K + , CI - , Ca ++ , P0 4 ~); serum alkaline phosphatase and 
bilirubin; flocculation tests; B ia ; Wassermann reaction; glu- 
cose tolerance test; urinary excretion of 17-ketosteroids, 
17-hydroxycorticostcroids, and porphyrins; and 24-hour uri- 

Tests of autonomic reflexes controlling blood-pressure, 
sweating, and heart-rate were performed. The tests have been 
reviewed by Johnson and Spalding. 1 The abnormality f the 
baroreceptor reflex arc controlling blood-pressure was due t 
afferent block in ne patient and to afferent and efferent fail- 
ure in another. In four patients the lesion was efferent and in 
one of these it was due to failure of noradrenaline release 
(tablet). 



